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INTRODUCTION. 


Since the work Baudelot (’63) apparently the only avail- 
able source information the finer anatomy the reproduc- 
tive system the European pond snail, Lymnea stagnalis Lin., 
and since definite description the confluence the her- 
maphrodite duct with the male and female conduits has been found 
for the American sub-species, appressa Say, was deemed 
advisable undertake describe this system the latter form 
the hope that the effort would contribute the solution the 
general problem reproduction hermaphroditic fresh-water 
snails. Elsewhere the writer has given the results his investiga- 
tion this problem genetical (Crabb, ’27a) and cytological 
methods the former paper shown that the 
distinguishing characters were not inherited, but the latter paper 
shown that self-fertilization the normal mode reproduc- 
tion isolated appressa Say. 

interesting note that the anatomy the gastropod re- 
productive system was not understood until well into the nine- 
teenth century. Baudelot (’63) points out that Muralt, 1677, 
Redi, 1684, Lister, 1694, Swammerdam, 1737, Cuvier, 1802-09, 
Owen, 1825, and several others published descriptions the re- 
productive system various hermaphroditic gastropods which 
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they held that the sex glands are separate organs instead form- 
ing ovotestis. That is, they failed recognize the dual na- 
ture the ovotestis. Since these observers believed the gastro- 
pods unisexual they mistook some accessory organ for 
ovary testis. For instance, Wagner points out that 
Cuvier, Meckel, Carus, Delle and others considered the albumen 
gland one part and the prostate gland another part the 
testis several gastropods, while Prevost and some others re- 
garded the ovotestis the testis and the albumen gland the 
Lymnea and Planorbis the ovary and testis are separate, the 
former sometimes being imbedded the anterior part the liver 
while the latter near the apex the shell. Baudelot 
states that Van Beneden, 1838, mistook the egg membrane gland 
for the testis glutinosus. Paasch called the 
ovotestis testis, and the hermaphrodite duct the epididymis 
Planorbis corneus, stagnalis, palustris, auricularium 
and elongatus. Simroth (’87) thought found pure func- 
tional females, individuals lacking the prostatic apparatus, 
Agriolimax. The relative frequency with which found these 
females justifies the criticism contemporary investi- 
gator, Schiemenz (’88), who states that Simroth failed find the 
male organ because one organ lies within the other. Hofmann 
describes pathological and other abnormal conditions 
which various parts the sex organs are wanting, rudi- 
mentary, doubled even trebled, but attaches significance 
them. 

Wagner 104) appears the first worker suspect 
the true nature the ovotestis Gastropoda, while Baudelot 
the first have given intelligible description the 
finer anatomical relation the parts Lymnea that region 
the reproductive system where the hermaphrodite duct empties 
into the definite male and female conduits and the albumen gland 
duct empties into the uterus. 

This work was done under the direction Professor 
Franklin Shull, and the snails used were identified Dr. Bryant 
Walker and Mr. Clench. 

The two figures the reproductive system appressa 
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represent the result information obtained dissecting twenty- 
six individuals, several which were variously prepared and in- 
jected with colored solutions, and sectioning various parts 
the entire system others. view individual variations and 
for the sake clarity many the convolutions were omitted 
Fig. This especially true the case the hermaphrodite 
duct and convoluted uterus (CU) however, with these exceptions, 
and that the copulatory organ, all structures were outlined with 
projecting apparatus. 


DESCRIPTION. 


The reproductive system appressa, like that most 
the hermaphroditic pond snails, comprises three major divisions 
(a) the hermaphrodite apparatus which includes the ovotestis and 
hermaphrodite duct; (b) female part including the oviduct 
proper, the uterus with its convoluted part, albumen gland, egg 
membrane gland and egg mass membrane gland, the vagina with 
which the duct the sperm receptacle confluent and the sperm 
receptacle and (c) the male part including the vas efferens, pros- 
tate gland, vas deferens and copulatory organ. The male and 
female parts the reproductive system are quite distinct mor- 
phologically and histologically, yet they are intricately appressed 
and entwined except for the distal half the vas deferens and 
the copulatory organ. Functionally, they are similar inasmuch 
apparent that both ova and sperms may pass out either the 
male the female part. 

The hermaphrodite gland ovotestis complexly branched, 
more nearly digitate than acinous, gland, imbedded the tissue 
the liver, though not entirely surrounded it. Its long axis 
conforms that the liver and sends irregular lobes toward the 
convex sides this organ quite its periphery (HG). The 
apical end the ovotestis lies within the mid-region the third 
whorl the shell (C), and part its surface normally ex- 
posed the concave side, due its not being covered entirely 
liver tissue this region. Incidentally, there hepatic 
tissue the apex the liver beyond the region marked Fig. 
nor certain other areas, chiefly peripheral. Baudelot 
describes the form the ovotestis stagnalis being nearly 
like that elongated triangle and Baker (’11) figures 
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being fusiform appressa. This certainly not the 
case material, for have dissected the liver tissue away 
five specimens and found the ovotestis (HG), very irregular 
form. 

Investigators apparently are not agreement whether the 
form and arrangement the tubules the ovotestis some 
the more common gastropods acinous branched digitate 
gland. the one hand, some the forms reported have 
acinous gland are Helix arbustorum (Buresch, Limax 
maximus (Hoffman, cinera and stagnalis 
(Baudelot, the other hand, Gatenby states that 
the ovotestis Helix aspersa formed finger-like diver- 
ticula” which connect with the hermaphrodite duct; Baudelot 
describes the ovotestis pomatia branched gland 
having simple digitate terminal tubules, Ancel appears 
accord with him since uses the term culs-de-sac and 
Baker states that emarginata, var. mighelsi the ovo- 
testis made number rounded lobulated follicles.” 
appressa, although the ovotestis composed great 
number convoluted tubular parts, which are reproductive prac- 
tically throughout, and although the lumina frequently are ir- 
regularly distended places, there are typical terminal acini. 
For this reason should referred the compound branched 
type gland, but for the sake clarity the custom calling the 

The hermaphrodite duct proper (HD) very complexly lob- 
ulated and convoluted tube which flexed upon itself three 
more places when the animal contracted. originates the 
confluence number lateral tubules, which are most notice- 
able that part the ovotestis from beyond and con- 
tinuing cephalad within the tissue the gland, becomes free 
duct point This makes necessary for those ova and 
sperms which are formed the anterior portion the gland 
travel toward its apex order reach the hermaphrodite duct 
proper. The enlarged part the duct, especially that lying be- 
tween and functions seminal vesicle, and contains 
sperms all times normal adults. Near its anterior end the 
hermaphrodite duct becomes simple and filiform then bifurcating 
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sends limb (VE) directly the posterior end the prostate 
gland and another (OV) apparently the duct the albumen 
gland other individuals, directly the convoluted 
part the uterus, tangent, but not confluent with the albumen 
gland duct. Thus the former case the anterior part the duct 
the albumen gland serves common duct (CD) for the pas- 
sage both ova and albumen directly into the convoluted part 
the uterus point near its origin. Even though the two ducts 
were not confluent and entered the uterus side side, some 
material seems show, and Baudelot 192, PI. 
IV.) holds for stagnalis and Planorbis corneus, would make 
little difference the time contact the ova with the 
albumen. What effect this albumen has the movements 
sperms the uterus has not been demonstrated experimental 
means. However, masses sperms enveloped the albumen 
appressa and palustris eggs are unable move with suf- 
ficient freedom extract their tails from those other sperms. 
The entanglement the sperm tails apparently not due 
normal agglutination, but chance entanglement during prior 
passage through the oviduct. This observation argues against 
insemination occurring the presence any quantity albumen. 

Although Klotz working ovatus, with which 
very close agreement, does not bring out the relationship these 
ducts appears that his Fig. the hermaphrodite 
duct terminates these two species manner quite comparable 
Meisenheimer (’21) and Paasch stagnalis and 
Baker (’11) appressa not describe the relation the 
parts this region the reproductive system. Colton (’12) 
that columella the albumen gland opens into the her- 
maphrodite duct before the latter divides join the male and 
female conduits. Lacaze-Duthiers (’99) clearly shows that 
Ancylis the limb the hermaphrodite duct enters the 
uterus point decidedly anterior the entrance the albumen 
gland duct. 

Much discussion has arisen concerning the structure the 
anterior part the hermaphrodite duct which would enable 
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separate the ova from the spermatozoa. (’55) 
speaking the hermaphroditic Gastropoda general, says 
that the eggs are caused fall into the uterus escaping between 
the lips the longitudinal groove (presumably the hermaphro- 
dite duct). infers that this mechanism prevents sperms from 
entering the uterus well eggs from entering the vas efferens. 
Lacaze-Duthiers (’99) states that Ancylis possible find 
sperms the upper part the but they are found there 
exception. advances the theory that while snail 
functioning male, its oviduct closed and thus prevents the 
entrance sperms. Likewise while the animal functioning 
female only the female conduit therefore special struc- 
ture necessary insure separation eggs and sperms. Owing 
the continual presence sperms the hermaphrodite duct and 
ovotestis, this idea wholly untenable for appressa. 
refers statement made Dubreuil, 1873, that Helix the 
ova fall into the oviduct while the sperms pass down the male 
part. would seem that any opening through which ovum 
could fall would certainly admit sperms which are very much 
smaller and motile. 

have not been able find any special device for separating 
the eggs from the spermatozoa appressa, but sectioned 
tissue have found ova which had passed through the male con- 
duit during copulation and had been injected into the sperm re- 
ceptacle along with the sperms, and have commonly found 
masses sperms the albumen the eggs appressa and 
palustris which were isolated embryos and kept strict 
isolation. Wierzejsky (’05) found masses sperms eggs 
Physa three appressa sperm receptacles fixed 
the time copulation, one contained several ova. Since these 
ova had albumen around them, clear that they passed from 
the acting male into the sperm receptacle the acting female. 
Things have often been seen the albumen sectioned eggs 
appressa which probably were pieces single sperm tails 
and heads. From the foregoing account apparent that sper- 
matozoa are usually passed out with ova and subsequently en- 
veloped the albumen the egg membrane, and that ova some- 
times pass out through the copulatory organ and are injected into 
the sperm receptacle along with the spermatozoa. 
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The albumen gland (AG) closely appressed nearly the 
entire length the convoluted uterus. supplies the albuminous 
portion the egg. Its short duct empties into the con- 
voluted part the uterus near the most posterior point its 
lumen. Keferstein believed that the albumen gland 
wanting some water snails. 

The convoluted part the uterus (CU) intricately folded 
upon itself and has regions large granular cells and others 
ciliated columnar epithelial cells. The regions large glandular 
cells are the more extensive and occupy most the interior part 
this organ leaving only relatively small lumen. This part 
the reproductive system forms distinctly blind pounch 
some, perhaps most, forms the Stylommatophora. Helix 
pomatia ’07) Limax maximus (H. Hoffman, ’22) 
and probably cinera and Arion (Baudelot, this 
pouch functions fertilization pocket.” This does not ap- 
pear the case any the Basommatophora. 

The egg membrane gland (EMG) nearly envelops the con- 
voluted uterus the point where ceases externally con- 
voluted and becomes uniformly glandular. This gland secretes 
the gelatinous material which the individual eggs are imbedded, 
Baudelot has shown. 

The mass membrane gland (MMG) supposed Baudelot 
reservoir for eggs and gelatin. thinks that the egg mass 
formed within it. observations also point its having 
this function. Cunningham (’99) believes that the mass mem- 
brane supplied the sole gland. This assumption based 
upon observations made marine forms, Buccinum and Murex. 
specimen appressa, eggs which had been extruded 
through wound the duct just before enters this gland were 
completely formed, but the mass membrane was entirely wanting. 
There were also free eggs within this region the duct and one 
within the lumen the mass membrane gland itself. Since this 
snail was fixed chromic-potassium bichromate solution before 
being dissected, these eggs were entirely free from gelatin, hencz 
contributed information the question whether not any 
this material formed the mass membrane gland. Since 
found fully formed mass eggs the vagina columella, 
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appears that gelatin contributed this gland. These ob- 
servations indicate that the mass membrane gland probably se- 
cretes only the membrane which envelops the entire mass eggs 
and thus they support Baudelot’s conclusions regarding the func- 
tions this gland. 

The vagina (VG) here considered that part the female 
system which extends from the mass membrane gland the fe- 
male orifice (FO). lined with ciliated epithelial cells and 
does not possess any cells the large glandular type. Its ex- 
ternal orifice (FO) the right side the animal, point 
about midway between the male orifice (MO) and the pulmonary 
orifice (PO) when the snail normally extended. 

The sperm receptacle copulatory pocket (SPR) blind, 
thin-walled pouch, lined with ciliated columnar epithelial cells and 
capable great distention. provided with narrow duct 
(SPRD) which confluent with the vagina point (SPO) 
very near the female orifice. functions during copulation 
receptacle for free-swimming spermatozoa, most which dis- 
integrate are ejected within four hours after copulation. Ani- 
mals killed after having functioned females for fifteen thirty 
minutes have the receptacle enormously distended with fluid and 
spermatozoa. Although there nothing warrant considering 
this sac actual gland, Baker (’25a) suspects the 
case capable self lubrication and probably secretes 
the thick yellowish fluid which occurs within virgins and in- 
dividuals that have not mated recently. 

Instances variations which this receptacle directly con- 
nected with the vas deferens have been reported. Kleinert 
son, Diver, ’25) for Heliz hortensis and Remanujam (’22) 
for Vaginulide, state that these forms the sperm receptacle 
directly connected with the vas deferens, while Paluszenski (’10) 
found Helix pomatia short diverticulum the duct the 
receptaculum which considers vestigial connection with 
oviduct. Baker Fig. 24) shows distinct connection 
between the male and female conduits Hendersonia. Hoffmann 
Cerny Stubs (’98) and others have ascribed such 
modifications congenital, regenerative pathological abnormal- 
ities the species which they studied. 
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The prostatic posterior part the male system greatly 
enlarged, cavernous and highly glandular conduit (PG) which 
receives the filiform vas efferens into its posterior end and gives 
off short, thick, glandular tube, the beginning the vas deferens, 
from its globular anterior end. 

The vas deferens proper filiform, muscular tube lined with 
ciliated columnar cells. Originating thick tube the anterior 
end the prostate gland, describes tortuous course and 
eventually enters the copulatory organ where terminates 
short needle-pointed intromittent organ (JO). That part 
the vas deferens lying between the copulatory organ and the male 
orifice free within cavity the body, while that between the 
male and female orifices lies just under the body wall. the 
living snail this tube visible from its attachment the female 
orifice its insertion the copulatory organ and during copula- 
tion can seen very distinctly moving strong undulations. 
Excised pieces the living vas deferens writhe like pieces 
living earth worm, thus demonstrating function its well- 
developed muscular walls. 

the time copulation the copulatory organ evaginated 
through the male orifice, and after becoming turgid presents 
conical end with the intromittent organ extended Fig. 


CONCLUSIONS. 


The results this investigation show that the anatomy the 
stagnalis, described Baudelot. However, also shown 
that cross-fertilization probably not the normal mode re- 
production either form. Spermatozoa are placed the sperm 
receptacle during copulation and order inseminate the ova they 
must swim the length the female conduit, through the viscous 
substances secreted the albumen gland, egg membrane gland 
and mass membrane gland and penetrate the ovum before 
covered with albumen. This would not later than the arrival 
the ovum the convoluted uterus. Whether these viscous 
secretions prevent even hinder the movements the sper- 
matozoa not known. sperms the albumen 
palustris eggs which have been oviposited are apparently helpless 
with regard locomotion. 
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From the foregoing explanations apparent that the 
process fertilization foreign sperms have little chance 
compete successfully with sperms which develop and ripen 
the same acinus with the egg. Therefore one could hardly expect 
cross-fertilization the normal method reproduction 
stagnalis appressa. 


LITERATURE CITED. 
Ancel, 

(Lin.). Arch. Biol., 19, pp. 380-652. 
Baker, Frank Collins. 

The Gross Anatomy emarginata Say. Var. Mighelsi 
Binney. Bull. Chicago Acad. Sci., Vol. No. III. 

The North and Middle America, Recent and Fossil. 
Chicago Acad. Sci., sp. pub. No. 

Baker, Burrington. 

Anatomy Limpet-like Mollusk Proc. Cal. 
Acad. Sci., 4th ser., Vol. XIV., No. pp. 143-160. 

Hendersonia, Primitive Helicinid Mollusk. Proc. 
Acad. Nat. Sci. Phila., Vol. 77, pp. 273-303. 

Baudelot, 

sur generateur des mollusques gasteropodes. 
Annal. Naturelles, serie, 19. (Anat. pp. 135-220, 
Physiol., pp. 268-294.) 

Buresch, Iw. 

Untersuchungen iiber die Zwitterdriise der Pulmonaten. Arch. 
Zellforsch., Bd. 314-333. 
Cerny, Adolph. 

Regeneration bei Susswasser- und Nachtsschnecken. Arch. Ent- 
wicklungsmech. Bd. 23, 503-510. 

Colton, Harold 
Proc. Nat. Sci. Phila., 1912, pp. 173- 
183. 
Cook, Reverend 
Volume Three Cambridge Natural History. 
Crabb, Ed. 

Experiments with Pond Snails, and Physa. Amer. 
Nat., Vol. pp. 54-67. 

Fertilization Process the Snail Lymnea stagnalis appressa 
Say. 

Cunningham, 

Cuvier, 

Gatenby, Bronté. 

Cytoplasmic Inclusions Germ-cells the Snail. Part II. Helix 
aspersa. Quart. Jour. Micro. Sci., Vol. 62, pp. 555-611. 


3 


REPRODUCTIVE SYSTEM THE SNAIL. 


Hoffman, Hans. 

Uber die Entwicklungsgeschichte und Anatomie des Geschlechts-ap- 
parates von Jenais. Zeitschr. Naturw., Bd. 119, 
493-538. 

Hofmann, 

Beitrage zur Teratologie der Schnecken (Geschlectsorgane, Fihler). 

Zool. Anz., Bd. 39, 249-259. 
Keferstein, 

Weichthier. Brohn’s Klassen und Ordnungen der Thierreichs, 

Bd. Leipzig. 
Klotz, 

zur Entwicklungsgeschichte und Anatomie des Geschlechts- 
apparates von Jenaische Zeitschr. Naturw., Bd. 23, 

Lacaze-Duthiers, De. 

exp. pp. 33-120. 
Meisenheimer, Johannes. 

Morphologie und Physiologie des Begattungsvorganges und 
der Eiablage bei Helix pomatia. Zool. Jahrb. Abt. Syst. Bd. 25, pp. 
461-502. 

Geschlecht und Geschlechter Tierreiche. Gustav Fischer, Jena, 

Moquin-Tandon, 

Histoire naturelle des mollusques terrestres fluvatiles France, 

Paasch, 
Uber das Geschlechtssystem und die harnleitenden Organe einiger 


Zwitterschnecken. Arch. Naturg., Bd. 71-104. 
Gustav. 


Abnormalities Genital Ducts Helix pomatia. Bull. Int. 
Acad. Sci., Cracovie, 1910, pp. 17-20. 
Ramanujam, 
Mollusca. Nature, Vol. CLX (2740), 593. 
Schiemenz, 

Die Entwicklung der Genitalorgane bei den Gastropoden. Biol. 

Centr., Bd. 748-761. 
Simroth, Heinrich. 

die Genitalentwicklung der Pulmonaten und die Fortpflanzung 

des Agriolimax levis. Zeitschr. Wiss. Zool., Bd. 45, 646-663. 
Stubbs, 

Observations Abnormal Specimens Planorbis spirobis and 
Other Fresh-water Shells Tenby. Jour. Conch. Leeds, Vol. 

Wagner, Rudolph. 
der vergleichenden Anatomie. Leipzig. 
Wierzejski, 

von Physa fontinalis. Zeits. wiss. Zool., Bd. 83, 

502-706. 


q 


EDWARD DRANE CRABB. 


Fic. system stagnalis appressa Say, viewed 
from the ventral side, with parts distended and partly diagrammatized. 

AN, anus; AG, albumen gland (albuminiparous gland, Baker, 
AGD, albumen gland duct; regions the hermaphrodite gland and 
duct which ovarian free, ripe ova were found; CD, common duct the 
albumen gland and the oviduct; copulatory organ invaginated; 
(larger sac penis, Baker, CU, convoluted part uterus 
(uterine portion oviduct, B., FO, female orifice; HD, her- 
maphrodite duct (ovisperm duct, B., HG, hermaphrodite gland 
ovotestis JO, intromittent part copulatory organ (verge, B.,’25), 
[not fully retracted, Fig. extended, Fig. 2]; liver; MMG mass mem- 
brane gland (first accessory albuminiparous gland, B., MO, 
male orifice; OV, oviduct proper; PG, prostate; PO, pulmonary orifice; 
SPO, sperm receptacle duct-orifice; SPR, sperm receptacle (spermatheca, 
B., bursa, B., ’25); SPRD, sperm receptacle duct; VD, 
vas deferens; VG, vagina (free portion oviduct; vagina SPO FO, 
Fig. B., MO, FO, and are represented their 
proper spatial relationship regards each other and the entire reproductive 
system. 

Fic. Excised tip evaginated copulatory organ, reconstructed from 
living and sectioned material, freehand drawing, labeling above. 
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Conoid and Round-Head Spermatozoa 
Changes the following Insemination .......... 
Formation and Fusion the Pronuclei 


INTRODUCTION. 


The primary object this study determine whether her- 
maphroditic pond snails which have been reared and kept strict 
isolation reproduce self-fertilization parthenogenesis. 
this point previous investigators have reached different con- 
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clusions. The earliest observations the manner reproduction 
hermaphroditic gastropods available are those Aristotle who 
states that the individuals the group Testacea (which in- 
cluded Gastropoda) reproduce like plants, the inference being that 
they spring from the mud water. Strange may seem, ac- 
cording Baudelot (’63) one appears have questioned 
Aristotle’s views until about the end the sixteenth century when 
Italian naturalist, Aldrovandi, stated that copulation occurs 
among the snails. Although Wagner 304) had already 
indicated the fact that both sperms and eggs are derived from 
single gonad and pass through common duct before reaching the 
male and female conduits, most the descriptions the re- 
productive system hermaphroditic gastropods published before 
the latter half the nineteenth century fail recognize the true 
nature the ovotestis. Even Cuvier states that Lymnea 
and Planorbis have the ovary and testis separate. 

Among the most recent investigations parthenogenesis 
Gastropoda may mentioned the work Pelseneer 
Paludestrina jenkinsi. Pelseneer claims that eggs from his iso- 
lated snails gave off only one polar body. Colton found that 
the eggs isolated Lymnea columella regularly give off two polar 
bodies. 

The most important cytological work reproduction pond 
snails that Colton which states that found 
ripe sperms and ova single acinus the ovotestis 
columella. Diver (’25) deplores the lack cytological investi- 
gation the problem. Since neither the presence two polar 
bodies these eggs nor the fact that ripe sperms and ova occur 
single acinus the same time does not preclude the possibility 
parthenogenesis, these investigators have not solved the prob- 
lem reproduction hermaphroditic snails. 

most cases the conclusions appear based upon scant 
evidence. For instance, only one case (Baltzer, has been 
found which the results obtained isolation breeding ex- 
periments have been substantiated further cytological evidence 
than has already been mentioned. Although enormous amount 
classical embryological work has been done gastropods, be- 
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ginning with the efforts Laurent (’37) and others, and extend- 
ing the last few years, and considerable amount excellent 
work has been done fertilization normal so-called cross- 
fertilized species, very little work has been done reproduction 
isolated individuals. Lillie and Just 218) state that 
pulmonates appear reproduce exclusively cross-ferti- 
lization. However, they point out that the work Braun, 
Colton and Cook obtaining fertile eggs from isolated parents 
indicates that self-fertilization does occur this order mollusks. 

The results obtained various investigators indicate that the 
solution the problem fertilization pond snails will 
found careful cytological studies the eggs and 
isolated stock. 

wish take this opportunity thank Professor Franklin 
Shull for having directed this work. also indebted the 
Graduate School the University Michigan for help from its 
research fund, and staff members the Departments 
and Botany for favors, the Marine Biological Labora- 
tory for library and other facilities, and several investigators 
this laboratory and others the Zoological Laboratory the 
University Pennsylvania for suggestions drawn from their 
various fields specialization. 


MATERIAL AND 


Material. 


Individuals the parent stock from which the different species 
used these experiments were obtained were identified Mr. 
Clench and these identifications were later verified 
Doctor Bryant Walker. The nomenclature used referring 
North American forms that Walker every in- 
stance snails have been used, unless otherwise stated 
the explanations. This virgin” material was obtained iso- 
lating embryo and allowing hatch clear glass finger- 
bowl which remained until used set free. Thus the eggs 


and ovotestis tissue from these comprise the material 


upon which the results this investigation are based. 
The tissue and eggs Lymnea stagnalis appressa Say were 


used for this article, but the living and prepared eggs well 
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sectioned tissue virgin columella, palustris, Physa gyrina, 
and were studied. Planorbis trivolvis were reared 
strict isolation but did not lay eggs. 


Methods. 


any kind nuclear fixing solution with sufficiently good results 
permit the study germ cells general way though further 
study requires special technique. Eggs which have been ovi- 
posited present difficulties that are not overcome any ordinary 
technique. 

general, was found that modification Flemming’s 
solution contaming cc. per cent. osmic acid, added the 
cent. chromic and cc. glacial acetic acid gave good results 
both eggs and ovotestis tissue. Burkhardt’s solution potassium 
bichromate, chromic and acetic acids (La Cellule, 1897, 335), 
each cubic centimeter which about one half grain cane 
sugar sodium chloride added, gives fair chromosomes with 
little cytoplasmic disturbance. This solution was used cold and 
30° 85° When thus used, thoroughly penetrates whole 
eggs about two hours. few minutes sufficient for the 
actual penetration the eggs; the additional time facilitates in- 
filtration. may readily inferred tissue may left the 
above modification Flemming much longer than this modi- 
fication Burkhardt without seriously injuring it. 

Bouin’s picro-acetic and Allen’s chromic acid and urea modi- 
fication gave fair chromatin, but poor cytoplasmic fixation 
tissue however, these and other picric combinations were found 
little value for eggs. was found, had Rockling 
Helix, and Hoffman (’22) that Zenker’s 
fluid dependable fixing agent for general use. Very distinct 
mitotic figures and sperm asters were secured ova which had 
been recently ovulated using this agent 50° However, 
was useless for fixing eggs. 

Imbedding.—In infiltrating and imbedding eggs and tissue, 
number aqueous media, several celloidin methods and John- 
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ston’s rubber-asphalt-paraffin, solutions xylol 
chloroform and paraffin, etc., followed pure paraffin, and pure 
paraffin alone were tried with varying degrees success. later 
became evident that most the standard methods infiltrating 
and imbedding tissues will give good results, the tissue has been 
properly prepared receive the medium. 

The greatest difficulty encountered imbedding the ovotestis 
may properly charged the cavernous liver and its surround- 
ing membrane. Once these structures are freed the clearing 
agent, infiltration certain and complete the tissue left 
the medium sufficiently long. These difficulties may overcome 
cutting the ovotestis into small pieces. 

very difficult obtain desirable serial sections eggs 
which have been oviposited unless the albumen properly treated 
before dehydration and infiltration are attempted. After the 
vitellus has been successfully fixed, enough the albumen must 
removed permit the best infiltration both the vitellus and 
the remaining albumen. Good serial sections fertilization 
figures were obtained treating previously fixed whole eggs with 
the following solutions: per cent. potassium bichromate 100 cc., 
0.5 per cent. chromic acid 100 cc., and nitric acid (C.P.) 
After this treatment the egg membrane and much the albumen 
were cut away with very sharp instrument made from piece 
safety razor blade. Later, the vitelli were simply blocked out 
this manner and the blocks imbedded without previous treat- 
ment the above solution. Neither these favorable 
for the study polar bodies and the former the less favorable 
for the study chromatin. 

difficulties staining and studying the slides 
are the result the affinity the polymorphic yolk granules for 
nuclear stains. After using number stains, Heidenhain’s 
iron hematoxylin was adopted, alone with Gage’s acid fuchsin, 
eosin some other counterstain. Benda’s crystal 
violet, gentian violet, Delafield’s and saffranin were 
used with indifferent success. 


II. 


Pond snails, especially appressa, copulate freely through- 
out the year laboratory cultures. three different occasions 
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have observed three individuals copulating with one another 
one time, the foremost one functioning female, the middle 
one both male and female, and the third male. Lankester 
and Baudelot cite instances which several stag- 
nalis were observed copulating and Doctors Walker 
and Ruthven have observed the same thing our wild snails. 
From the results obtained rearing snails isolation would 
seem that copulation unnecessary perpetuate the species, un- 
less, some writers claim, self-copulation occurs. has been 
suggested (Baudelot, that copulation necesssary cause 
the ova move out the hermaphrodite gland and through the 
female conduit. However, most the investigators who argue 
favor copulation claim that the sperms must first pass into 
the sperm receptacle where assumed apparently that they 
through process ripening are endowed with some peculiar 
properties before they can inseminate the eggs 
Lacaze-Duthiers, Baudelot, Lereboulet, Moquin- 
Tandon ’55,.and 

Many writers cite Von Baer, 1835, having observed Lym- 
auricularius self-copulating (Braun, ’88; Diver, and 
Klotz (’89) states that Von Karsch observed acting female 
while copulation stretch its penis above itself and fertilize the 
acting male. Klotz (’89) observed simultaneous reciprocal copu- 
lation take place three times wild and once captive stag- 
nalis. Kunkel observed Arion self-copulating (Robson, 
71). have never observed actual self-copulation any 
stock, although have often seen apparent attempts self-copu- 
lation appressa. These attempts were always ineffectual 
far was able determine. several cases the isolated 
individual might seen any hour the day, and sometimes 
night, with the copulatory organ evaginated and turgid, and 
several occasions the groping male organ almost came contact 
with the female orifice. one instance observed two 
appressa with ventral sides appressed, anterior ends reversed, ap- 
parently attempting copulate reciprocally. 


III. AND VIABILITY 


Wild snails lay only irregularly during the spring, summer and 


fall months, while isolated laboratory stock lays about every 
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third day for period about twenty-five days, rests few days, 
then begins another cycle laying. This continued through- 
out the year. fifty-four appressa isolated from the same 
egg mass, seven laid their first eggs fifty-eight days after hatching. 
However, they not reach their maximum laying capacity until 
they are about one hundred days old. The first mass usually 
small, containing not more than twenty twenty-five eggs. How- 
ever, have recorded instances which the first mass contained 
two three times this number. Kunkel states (’08) that two 
stagnalis deposited twenty-eight and thirty masses, respectively, 
about fifteen months. Another individual deposited one hun- 
dred and sixty-eight masses thirteen months 
snails were more prolific than this. adult wild ap- 
pressa was isolated two-gallon aquarium and given the best 
attention possible, that is, the water was never permitted be- 
come the least stagnant, fresh leaf lettuce was always available 
for food and green cabbage leaf was kept water for her 
oviposit on. She laid seventy masses, averaging between eighty 
and one hundred eggs each between November eleventh and the 
following June first. Most these eggs were incubated until 
the embryo developed shell. Thus was found that least 
per cent. the eggs this isolated individual were viable. 
Similar tests were made with the eggs number virgin 
Physa sayii and appressa with about the same 
though actual experiments this nature were made with 
virgin columella and palustris eggs, casual observations in- 
dicate that the results would comparable those obtained for 

Planorbis trivolvis appears offer exception. Four in- 
dividuals were isolated ovo and carefully reared isolation 377 
days without their laying single egg. The four snails deposited 
ten fifteen small empty cases during this time. Like- 
wise eggs were deposited the control culture consisting 
two individuals fingerbowl. experience indicates that 
all the pond snails studied, except Planorbis trivolvis, virgins,” 
individuals isolated ovo, lay many eggs individuals 
mass cultures, and that the percentage viability these virgin 


eggs high that those from snails reared mass cul- 
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IV. SELF-FERTILIZATION AND PARTHENOGENESIS. 

number investigators have isolated pond snails more 
less carefully, and since they secured offspring they concluded 
that their snails reproduced parthenogenetically self-fertili- 
zation. Some investigators have tried discriminate between 
self-copulation and internal fertilization, the latter being insemina- 
tion that occurs the hermaphrodite apparatus uterus without 
self-copulation. Kunkel (’08) thinks that both internal self- 
fertilization and self-copulation occurs stagnalis. Braun 
reared auricularia isolation, and these produced off- 
spring. Although not certain that self-copulation occurred 
every case, believes that self-fertilization took place. Colton 
self-fertilized for forty-seven generations. 
Lang thinks that self-fertilization without self-copula- 
tion occurs while Semper (Braun, ’88) thinks that 
all cases reproduction isolation self-copulation takes place. 

The only investigators claiming parthenogenesis for fresh- 
water snails appear Robson (’23, for Paludestrina 
jenkinsi and Pelseneer (’19) for The latter states that 
isolation cultures the eggs auricularia, glutinosus and 
palustris give off only one polar body. 

palustris isolated individuals lay eggs which extrude 
two polar bodies regularly. Colton states that the eggs 
isolated columella, two polar bodies are normally 
and Kunkel (Diver, ’25, 125) shows that two polar bodies ‘are 
extruded the eggs isolated Arion and Limax. Thus Colton 
believes that isolated pond snails self-fertilize, while Pelseneer 
thinks that they reproduce parthenogenetically isolation and also 
when mated with another species. the latter case Pelseneer 
believes that the sperms from individual another species 
merely stimulate the egg develop parthenogenetically, Bélar 
has described two forms the nematode Rhabdites. 
Elswhere (Crabb, the writer has pointed out that breeding 
experiments indicate that self-fertilization the normal method 
reproduction pond snails. 


PROTANDRY. 


The question whether appressa protandrous proto- 
gynous has been raised. have sectioned several young snails 
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without finding definitive sperms ova any age thirty-five 
days. (’96) thinks that protandry should considered 
general the Euthyneura, especially Pulmonata. Schapiro 
believes that parthenogenesis developed first the animal 
kingdom, because more simple than hermaphroditism. 
the other hand Brock (’86) thinks that the sex organs Pul- 
monata are first laid down female, and later become hermaphro- 
ditic. Hoffman (’22) found that the genital apparatus not 
‘fully developed maximus, having length three 
centimeters. Certain Prosobranch gastropods have been shown 
protandric, for example, Crepidula plana (Gould, ’17, ’19), 
Colyptrea sinensis, Crepidula unguiformis and Capulus hungaricus 
(Giese, Lams states that Arion empiricorum pro- 
tandrous. Ancel and Buresch (’12) appear consider 
Helix pomatia and arbustorum being neither protandrous 
nor protogynous, but hermaphroditic from the first differentiation 
germ-cells. Since examined sections several young snails 
without finding definitive sperms eggs any age thirty- 
five days, think that further work will show that appressa 
neither protandrous nor protogynous, but strictly hermaphro- 


VI. AND MIGRATION THE GERM-CELLS. 


Both male and female germ-cells, well Sertoli and egg- 
nurse-cells, appear able arise simultaneously from indif- 
ferent epithelial substance, and are commonly found developing 
together single acinus stagnalis appressa, colu- 
mella and palustris. Recent investigators are pretty well 
agreed that the origin the germ-cells most the gastropods, 
especially the Basommatophora and Stylommatophora from 
indifferent epithelial material. Among these may mentioned 
Garnalt (’88) who studied several forms Helix; Buresch 
who worked Helix arbustorum; Lams (’07) Arion empiri- 
corum; and Gatenby Helix aspersa, Testacella halio- 
tiodes, Paludina, Lymnea stagnalis and other forms Helix 
uncertain taxonomic status. However, his Text-fig. and his 
tiation idea for the origin the germ- and nurse-cells Helix 
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aspera. says: Finally, believe that the nucleus the in- 
different germinal epithelial cell may stimulated variety 
external agencies tend towards one sex.” general 
opinion with regard the condition Helix later papers (espe- 
cially ’19, 431) shows further that believes that many germ- 
nurse-cells de-differentiate form spermatocytes. result 
further investigation this subject says: 
reason for the passage the indifferent epithelial cell, either 
the spermatogonium, present unknown. Nu- 
trimental conditions probably not represent the real causal 
state.” satisfied that cells ever de-differ- 
entiate. The work Merton (’24) the amceboid movements 
ciliated-, nurse- and germ-cells and the phagocytic propensities 
egg cells Planorbis may indicate way leading the solution 
this problem. Whether the germ-cells are derived from 
different epithelial substance” from are 
from indifferent epithelial cells, agents 
which cause early germ-cells develop into ova instead sperma- 
tozoa vice versa question not within the scope this paper. 

The germ-cells continue develop side side until they be- 
come detached from the wall the lumen. After this they re- 
main associated until they reach the anterior part the her- 
maphrodite duct where possible that their relative numbers 
may reduced sort segregation the sperms and eggs 
shortly before reaching the oviduct and vas efferens. From the 
fact that has been shown that most species hermaphroditic 
land and fresh-water snails the germ-cells develop side side 
the acinus, know that this not peculiar Lymnea. 

The migration the germ-cells erratic inasmuch 
begun different stages development individuals the same 
kind. For instance, some the advanced eupyrene spermatids 
loosen themselves from the Sertoli cells, speedily ripen and thus 
begin the migration free company with other spermatids, while 
many other instances the Sertoli cells break loose from Ancel’s 
layer and begin the migration with scores normal advanced 
spermatids attached. most instances these spermatids drop off 
before the nurse-cell reaches the hermaphrodite duct proper. 
this time these spermatids appear Fig. Frequently masses 
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sperms pass into the female conduit and are enveloped the 
accessory coats the egg along with the vitellus. 

Whether the ovarian egg actually ruptures its follicle wall 
merely absorbs not evident. However, since have never.ob- 
served ruptured follicle, but have occasionally found free ova 
with portion the follicle wall still attached, believe that in- 
stead rupturing its follicle the ovum resorbs it, Garnault 
describes Helix aspersa. (’04) describes 
the same structure that called hyaline membrane this paper, 
but since describes only ovarian eggs, impossible tell 
definitely whether the membrane the same each case. Perez 
examined large number Helix varying intervals 
after copulation but was never able observe ova passing 
through the hermaphrodite duct. 

The ovum ruptures its follicle wall and begins the migration 
free company with multitude male germ-cells all stages 
development from early spermatid ripe spermatozoa. 
most instances the egg either completely partially enveloped 
thin hyaline membrane Figs. 46) which functions sort 
pseudo-vitelline membrane until absorbed the ovum, 
disintegrates. The ovum usually free this membrane before 
reaches the hermaphrodite duct. Further evidence that this 
membrane related the follicle and not the ovum shown 
the fact that occasionally free ova are found the lumen 
acinus surrounded membrane having one more dis- 
integrating nuclei adhering it. The presence the hyaline 
membrane apparently bears relation the egg nucleus, for 
some free eggs which the membrane the germinal vesicle 
intact have this membrane wanting entirely, while others 
its persists over almost the entire egg until the first maturation 
spindle has begun form (Figs. 12, and 46). Mark 
178) says that “the yolk certainly not provided with 
distinct membrane only very thin shell protoplasm oc- 
curs eggs.” Wierzjeski was unable find 
vitelline membrane eggs stagnalis before cleavage stages 
were reached. states that definite vitelline membrane has 
been demonstrated the eggs the snail Paludina Tonninges. 
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(’55) was unable find vitelline membrane but 
does not indicate the species snail was studying. Other 
forms have been described not possessing definite vitelline 
thus not surprising find this membrane want- 
ing the eggs 


Since the maturation eggs laid snails which were iso- 
lated ovo marked differences from several published de- 
scriptions supposedly cross-fertilized eggs this and other 
forms well those pond snails general 
(Conklin, ’10; Gatenby, ’19; Kostanecki, Morgan, and 
others) were found, most evidence will directed 
points comparison with maturation forms other than 
appressa. have observed two maturation divisions living 
virgin eggs appressa, palustris and Physa gyrina, and 
Colton found that columella regularly gives off two polar 
bodies. the other hand Pelseneer 1058) con- 
fident that virgin eggs and glutinosus well 
palustris give off only single polar body which never 
divides and visible the gastrula stage. certain that 
Pelseneer’s observations are incorrect this respect, for com- 
paring virgin with normal eggs the genus makes 
mention having ever found the first polar body isolated 
the albumen the egg. have found the first polar body com- 
pletely separated from the vitellus palustris while 
appressa generally migrates into the albumen frequently 
distance 200 micra before the first cleavage fur- 
row visible (Figs. 34, 35), consequently may easily over- 
looked either living eggs sections. Byrnes (’99, 207) 
found that normal agrestis the first polocyte separate> 
from the egg and collapses. general Pelseneer’s description 
that the second polar body, therefore believe that mistook 
the second for the first polar body. 

most instances the first polocyte given off from two 
two and one half hours after the eggs have been oviposited. 
However, exceptions the rule are numerous appressa. 
several instances the mass eggs was seized with forceps be- 
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fore was entirely out the snail’s body, pulled out and im- 
mediately fixed. Sections these eggs were found various 
stages the first maturation division. Further proof ir- 
regularity maturation shown two eggs which were found 
advanced cleavage stages the hermaphrodite duct dif- 
ferent snails (Figs. 17, 18). The maturation divisions come sur- 
prisingly near being synchronous all the eggs given mass, 
the laggards being usually those the ends the mass. Kofoid 
(’95) found much variation eggs the same mass. 
Conklin 420) seems have found germinal vesicle 
regularly present eggs columella which had been ovi- 
posited, for says: the germinal vesicle begins dis- 
solve and the first maturation spindle appears, the clear area 
the germinal vesicle becomes elliptical and then spindle-shaped 
include all nuclear stages before the polar bodies are extruded, 
for true germinal vesicle, defined Purkinje, 1825 (Wilson, 
was not found living sectioned eggs laid ap- 
pressa. Since only one instance which the germinal vesicle 


persisted until the egg reached the hermaphrodite duct has been 
found (Fig. and since well-formed spindles occurred sev- 
eral eggs within the hermaphrodite duct (Figs. 11, 12, 13, and 
16) the opinion that the eggs appressa the 
germinal vesicle has disappeared the time the egg enters the 
oviduct. 


observations the living eggs both virgin” and 
“normal” appressa are accord with Conklin’s work (’10) 
inasmuch the clear area becomes elliptical, then spindle-shaped, 
then moves through the egg until one end the elongated 
area comes into contact with the surface the animal pole the 
egg, leaving deep well’ clear protoplasm leading down 
the center the egg.” This well” the result forces con- 
nected with mitosis means which the yolk granules are dis- 
placed, almost so, thus leaving apparently clear area liv- 
ing eggs, the well,” which the first maturation spindle 
formed and subsequently migrates the animal pole the ovum 
(Figs. 49, 51). clear area forms similarly the egg the 
worm Nereis (Lillie, the echiuroid Thalassema (Griffin, 
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the nemertean Cerebratulus (Coe, the prosobranch 
Fasciolaria (Hyman, ’25) the gastropod Limax ’81) and 
several other forms. 

The first polocyte forms protuberance (Fig. 51) which soon 
becomes pedunculated body due the constriction the stalk, 
and about this time yolk granules obliterate the clear area. 
The first polocyte may remain attached the ovum, but more 
often becomes entirely disconnected and often may have 
migrated into the surrounding albumen distance equal twice 
the diameter the vitellus before the first cleavage occurs (Fig. 
34). Although this work hundreds living eggs were ob- 
served undergoing maturation and cleavage and these stages 
studied great number sectioned eggs, have never found 
case which the cytoplasm either polocyte had divided 
form another body such frequently occurs molluscan and 
other eggs, and figured Kostanecki and Wierzjeski (’96) 
Physa fontinalis. 

Within about fifteen minutes after the first polar body becomes 
pedunculated the animal pole free most the yolk material 
thus giving this region clear then the second polar 
body appears clear, slightly bulging region near the same 
point where the first was formed. reaches its maximum pro- 
portions one two minutes more, and total three 
five minutes from the time the animal pole the egg becomes 
clear the second time, the second polar body completely formed, 
and the animal pole again darkened the return the yolk 
materials. Thus the entire cycle resulting the extrusion the 
first and second polocytes completed about seventeen minutes. 
This schedule holds only water having temperature about 
20-22° drop the temperature two five degrees be- 
low twenty has very noticeable retarding effect the maturation 
the egg. Kofoid (’95) found that temperature has profound 
effect upon the eggs Limax. Vignal (’11) observed that this 
also true stagnalis eggs. Brynes (’99, 207, 209) found 
that agrestis the first polocyte formed and extruded 
two minutes and the second formed and becomes detached 
the same length time. the living eggs appressa the 
chromosomes the first polocyte may often seen arranging 
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themselves into equatorial plate. Few yolk granules 
pass into either polocyte and one both polocytes may remain 
attached the egg for several cleavages, even until the gastrula 
stage. Holmes found that Planorbis the polar bodies 
were retained until the gastrula stage was reached. 

Sections show that the chromosomes the first polar body 
normally arrange themselves irregular equatorial plate, and 
some instances definite monocentric mitoses, such are shown 
Figs. and occur. Griffin (’99) found that the 
Echiuroid Thalassema the first polocyte normally divides syn- 
chronously with the formation the second, the chromosomes 
forming double elements before dividing and general behaving 
the egg chromosomes. shows that rarely the time 
the second polocyte was extruded the chromosomes the first 
polocyte had completed mitosis the telophase without the 
cytoplasm having divided. 

appressa the second polocyte forms about four distinct 
vesicles synchronously with the formation the egg nucleus 
(Figs. 34, 40). These vesicles disappear some time before those 
the egg fuse, leaving few more less deeply staining chro- 
momers which become larger, more numerous and stain more 
deeply the first cleavage nucleus formed (Figs. 27, 32, 35, 
42). 


first thought one would led assume that self-fertiliza- 
tion and polyspermy occur under such conditions have been 
shown exist the hermaphrodite apparatus appressa 
unless some barrier, such Morgan ’05, found 
Ciona existed. Investigation shows that this the case; the 
hyaline membrane acting barrier the entrance the 
spermatozoa until area the egg freed from (Figs. 12, 
46). 

Conoid and Round-head Spermatozoa, 


Ova from the hermaphrodite duct contain only round-head 
sperms (Figs. 15, 16) and are usually surrounded the same 
type spermatozoa (Fig. 10), while those ova from the acini 
the ovotestis usually contain only conoid sperm heads (Figs. 
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and are accompanied spermatozoa the same kind 
(Fig. 9). Since, from smear and sectioned preparations, ap- 
pears that the conoid spermatozoa are found more often than the 
round-headed kind the upper part the hermaphrodite duct 
different individuals and since the latter have not been found 
the acini, appears that the two types are not different kinds 
sperms, but merely represent different ages. Thus as- 
sumed that the round sperm heads found ova from the her- 
maphrodite duct were conoid when they entered the ova, probably 
while the latter were high the acini. The heads then began 
swell, lost their tails and continued swelling assumed sphe- 
rical forms (Figs. 19, 21, 25) and finally the 
nuclus one them normally becoming reorganized form 
vesiculated and later definite pronucleus (Figs. 26-41). Among 
sperms which have never entered ovum have traced stages 
metamorphosis paralleling those which occur within the egg, 
except that spermatozoa within the sperm receptacle form pro- 
nucleus which does not possess karyomeres (Fig. 44). The 
dumb-bell-shaped sperm heads which occur among ova the her- 
maphrodite duct are probably fused spermatozoa such Retzius 
Wilson, ’25, 305) describes for the gastropod 
That these round-head sperms are not the result faulty fixa- 
tion shown the fact that they are regularly obtained with 
Zenker, Perenyi and modified Flemming solutions. view 
the fixations used the number and definiteness these structures 
the ova and among the spermatozoa practically precludes the 
possibility their being cell inclusions. Neither should these 
classed with the “apyrene, oligopyrene, and 
other similarly abnormal sperms such Gatenby de- 
scribes for stagnalis, Ankel (’24) for Bythinia and others for 
other forms, for these abnormalities are not sufficiently numerous 


play any part the relative numbers conoid and round- 
head individuals. 


Ovarian Insemination. 


Although have not been able show conclusively that ovarian 
Ova are sometimes inseminated pond snails, have seen in- 
stances, especially columella, which ripe spermatozoa ap- 
pear have penetrated ovarian ova. Some additional evidence 
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ovarian insemination shown Fig. 12, which ovum 
that has not yet reached the hermaphrodite duct proper contains 
four sperm heads and body that probably degenerating 
abortive sperm pronucleus. The location ‘this ovum and the 
presence hyaline membrane over considerable area its 
surface indicate that has only recently left its follicle, while the 
forming archiamphiaster and the round-head sperms argue for 
earlier insemination than would normally occur egg 
this region the ovotestis. Fig. shows another ovum which 
similarly indicates ovarian insemination. 

The presence spermatozoa ovarian ova has been described 
Buchner the Archiannelid Saccocirrus and one 
the Turbellaria, and Nachtsheim (’19) Dinophilus apatris. 
Lams (’07) found the slug Arion empiricorum that fecunda- 
tion was often intraovarine” and that segmentation stages, in- 
cluding the morula and blastula, occur the interior the ovo- 
testis. mass blastomeres was entirely surrounded 
follicle cells. One able therefore say that Arion the de- 
velopment sometimes begins the ovary.” 


Normal Insemination. 


From material appressa evident that the earliest 
insemination normally takes place within the acinus which the 
ovum and the spermatozoa which enter the ovum are developed. 
Additional sperms continue enter the ovum until passes out 
the hermaphrodite duct, but clear that one and only one 
sperm pronucleus fuses with the egg pronucleus. The super- 
numerary sperms normally disintegrate, possibly pass through 
the ovum before the egg pronucleus formed (Figs. 14, 32). 

Since the yolk granules interfered with studying the sperms, 
several living adult appressa were centrifuged and im- 
mediately fixed warm fixing fluid. one the snails there 
were five free ova the acini. two these which had very 
recently lost their hyaline membranes, marked cytoplasmic dis- 
turbances resulted from centrifuging them. The periphery 
each ovum suffered severe fragmentation and dissociation the 
yolk granules. Although much cytoplasm remained around the 
germinal vesicle the yolk granules were sufficiently displaced 
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make easy find the enclosed conoid sperm heads and follow 
the course their tails (Figs. 2-5). 


Changes the Following Insemination. 


Whether not there volumetric change following insemina- 
tion appressa eggs, such has been found the case 
the brook lamprey (Okkelberg, and the echinoderms 
Arbacia and Asterias and Asterina (Snyder, ’25), 
not evident. However, ova were found which appear in- 
dicate such change. The sections the smallest these ab- 
normal ova, from near the anterior end the hermaphrodite duct, 
were about one fourth the diameter and number those in- 
dividual ripe ovarian and recently ova. 


Formation the Sperm 


The early sperm aster occurs only ova which have not under- 
gone the first maturation division, and may readily recognized 
its great size, which nearly equals that the early egg asters. 
This primitive sperm aster, archiaster, characterized hav- 
ing long stout and indifferently formed centrosomes Figs. 
II, 13, 15, 16). Perhaps these should considered unusual 
centrospheres instead centrosomes. apparent that the 
sperm archiaster normally undergoes sort metamorphosis 
before forms typical amphiaster. During this period 
change there marked reduction the length the rays and 
great condensation the chromophilic substance the centro- 
some. The modus operandi this metamorphosis obscured 
the large number polymorphic basophilik yolk granules which 
retain the stain readily the centrosomes themselves. 
material indicates that during the prophases the first maturation 
division the odcyte, these sperm archiasters reach their maxi- 
mum size and subsequently the typical aster reforms from the 
granules the disintegrated centrosome the archiaster and 
reappears very small aster having short delicate rays and 
very condensed deep-staining centrosome. The amphiaster most 
commonly arises from this aster (Fig. 23), about the time the 
first maturation the egg (Fig. 20-25) but may arise earlier 
(Figs. 19, 21). 
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novel opportunity study the amphiaster presented itself 
ovum which had been deposited the sperm receptacle 
snail functioning female during copulation (Fig. 19). 
this ovum the centrosome the archiaster has presumably been 
reduced the typical aster-stage and now divided form 
amphiaster which each centrosome composed three dis- 
tinct centrioles similar Fig. which later stage and shows 
numerous centrioles associated with the vesiculated sperm head. 
The sperm tail distinctly visible but not connected with the 
amphiaster the distal member the archi-amphiaster the 
periphery the ovum. The presence six centrioles this 
sperm amphiaster (Fig. 19) and several more nearly 
mature egg (Fig. 25) support the conclusions drawn from Figs. 
II, 12, 13, and 16, and other material fixed with Zenker’s fluid, 
which does not give such fine detail the modification Flem- 
ming’s mixture with which this unusual egg and that represented 
Fig. were killed. This general agreement with the 
work Kostanecki and Wierzejski (’96) and Wierzejski (’06) 
eggs Physa fontinalis with the exception 
that they figure single centriole each centrosome. 

Mark (’81) described difference the size and 
form the centrosomes and astral rays the egg 
amphiaster Whitney compared with the cleavage amphi- 
asters which parallel the relation the sperm archiaster the 
sperm amphiaster which have described for appressa. 
figures and describes single abnormal” egg having six large 
supernumerary asters with large centrosomes and very stout rays 
(Fig. and 221). similar metamorphosis the egg archi- 
amphiaster and the sperm archiaster has been demonstrated 
Foot and Strobell Fig. for the worm Allolobophora 

typical sperm aster has not been visible virgin eggs until 
the first polar globule has been extruded; however, vesiculated 
sperm heads occur younger eggs (Fig. 21). the ovum 
shown Fig. the degenerating amphiasters must those 
supernumerary sperms, while all traces the functional sperm 
are masked yolk granules. Pieces swollen, deeply stained 
sperm tails were found ova sectioned the acini, but asters 
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occurred with them. Figs. 20-25 show several stages the 
formation the sperm amphiaster virgin eggs. Fig. repre- 
sents early stage the formation the vesiculated sperm pro- 
nucleus and the only one its kind found. 

Kostanecki and Wierzejski (’96) found that eggs Physa 
fontinalis which had been reared mass cultures the sperm 
amphiaster often formed before the anaphase the first 
maturation division (Taf. and that the sperm pro- 
nucleus may have formed before the second polar body given 
off (ibid., 4). Byrnes 215) states that agrestis 
the the sperm head, the asters and the maturation 
spindle are precisely similar those figured Kostanecki and 
Wierzejski for Physa.” Thus the work Kostanecki and 
Wierzejski Physa eggs, that Byrnes eggs well 
work virgin appressa eggs shows that there 
real relation between the maturation activities the egg and any 


stage the development the sperm amphiaster pronucleus. 


Rather, appears that the state the development the sperm 
pronucleus related the time which the selected sperm 
entered the ovum. The work these investigators indicates that 
the process fertilization their and Physa 
eggs quite similar that virgin” eggs. 


Formation and Fusion the Pronuclei. 


Male the head the has 
reached its maximum size loses its ability take basic stains and 
appears hyaline area vesicle the egg cytoplasm (Figs. 
19, 21,25). Although there appears connection between 
them, the sperm amphiaster associated with the vesiculated head. 
Kostanecki and Wierzejski (’96) show several figures Physa 
eggs which the amphiaster has migrated relatively great dis- 
tance from the sperm head before the latter formed pronucleus. 
material the sperm pronucleus becomes vesiculated about 
the time the second polocyte and the egg pronucleus are formed 
definite karyomeres. 

Female the telophase the second 
maturation division, the egg chromosomes form vesicles which 
appear more less independent each other. Although 
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with few exceptions they are tangent the first (Fig. 37), they 
soon become somewhat appressed Fig. 29. the sperm 
pronucleus comes contact with the egg nucleus, the karyomeres 
each nucleus come lie closer and closer together that 
the time the nuclei have become appressed the number chro- 
mosome vesicles each has been reduced fusion. This fu- 
sion continues that the identity each pronucleus lost (Figs. 
35, 39). Ultimately all the egg chromosome vesicles fuse form 
typical pronucleus surrounded distinct and apparently con- 
tinuous membrane. The definitive sperm pronucleus formed 
the same time and the same manner (Figs. 39, 41). Chro- 
momeres are abundant both pronuclei but appear separate 
rather than strung linin thread resting nuclei well 
fusing pronuclei (Figs. 41-43). Thus the formation the 
pronuclei and the first cleavage nucleus appressa es- 
sentially parallel with that the worms, Eustylochus 
(Van Name, Dinophilus (Nachtsheim, 
(Mead, ’95), Nereis (Lillie, Platynereis (Just, and 
Amphitrite (Scott, echiuroid, Thalassema (Griffin, ’99) 
the hymenoptera Acrochismus and the bug (S. Schrader, 
the mite Tetranychus (F. Schrader, ’23) the daphnid 
Polyphemus (Buchner, ’15, citing Kuhn) the nudibranchs Doris 
and Montagua (Smallwood and other forms. 

Kostanecki and Wierzejski figure chromosome vesicles 
which appear lobules both pronuclei (Taf. XX., Figs. 25, 
28). The absence definite chromomeres their pronuclei 
possibly indicates that little attention was given staining and 
studying the nuclear substances. The fusing pronuclei lose this 
lobulated appearance and have definite nuclear membranes (Taf. 
XX., Figs. 30-34) the case those forms which are known 
form the egg pronucleus from karyomeres. Mark’s figures 
suggest vesiculated stage the pronuclei Limax 
campestris, but does not recognize such condition his text 
description. Griffin shows distinctly vesiculated egg 
nucleus Thalassema (Fig. 29) and vesiculated individual chro- 
mosomes the telophase the second maturation division (Fig. 
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The chromosome number has been established for number 
the land gastropods. However, practically nothing definite 
known about the chromosome number hermaphroditic fresh- 
water snails. Harvey citing Linville, 1900, lists sixteen 
chromosomes each for the primary and the secondary 
Lymnea elodea. The chromosomes appressa are very 
irregular shape and apparently number, and this numerical 
variation appears the result splitting chromosomes 
(Figs. 55, 58, 59). 


Egg Cells. 


Because the great number irregular yolk granules the 
egg cytoplasm which take the basic stains more readily and 
retain them more tenaciously than the chromatin itself does 
times, difficult distinguish the chromosomes clearly, espe- 
cially stages other than the early equatorial. After the ger- 
minal vesicle breaks down there definitely visible egg chro- 
matin until number polymorphic granules appear among the 
spindle fibers the archiamphiaster (Figs. 11, 12, 13, 16). The 
various stages the history the development the egg nucleus 
between the formation the archiamphiaster and the extrusion 
the first polocyte are not sufficiently well known warrant 
discussion this time. However, appears that late prophase 
stages are formed indicated Figs. 48, and 50. 

First chromosomes are readily distinguished 
most the recently extruded first polar bodies, but this num- 
ber rapidly increased the second maturation division the 
egg progresses that the time the second polocyte cast out 
the egg the first may have fifteen twenty chromosomes 
it. Fig. represents the first polocyte egg which the 
second polar body shown forming Fig. 60. Each the 
three first polar bodies represented Fig. well the 
egg nucleus Fig. 52, contains ten chromosomes. Fig. 
four the ten chromosomes have split, thus making the first 
polocyte seem have fourteen chromosomes. Likewise the 
chromosome number the first polocytes represented Figs. 
and appears about thirteen. The latter was fixed during 
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the metaphase the second maturation and the former after the 
second polocyte had been extruded. Fig. shows first polocyte 
undetermined age which six chromosomes appear pairs 
and others have probably been divided long that the halves are 
now completely separated, thus bringing the apparent number 
about eighteen. Whether not this high number chromo- 
somes due monaster activity not known. However, first 
polocyte which has undergone monocentric division shown 
Fig. 59, and another shown monocentric metaphase Fig. 
34. The chromosome vesicles the second polar body have 
disappeared and fusion the egg karyomeres nearly complete 
Fig. 35, while Fig. these conditions are not far ad- 
vanced. 

The foregoing observations indicate that there actual time 
relationship between the age the first polocyte and the apparent 
number chromosomes contains and that this relation holds 
true until the pronuclei are formed. further data this 
point are available than the first cleavage nucleus (Fig. 42). 
However, the chromosomes the first polocyte apparently dis- 
integrate soon after having undergone monocentric mitosis and 
before the first cleavage. 

Second Fig. ten chromosomes are shown 
remaining the egg during the second maturation anaphase. 
loss explain the apparent number and pseudo-equatorial 
plate formation the chromosomes which are being extruded 
this instance. The pseudo-equatorial plate really lies more 
nearly its edge than shown Fig. 60. Successive changes 
the second maturation anaphases are shown Figs, 61-63. 
each case approximately ten chromosomes are destined ex- 
truded and many left the egg. The chromosomes 
left within the egg, well those within the second polar body, 
form vesicles containing chromomeres (Figs. 26-37, 40). The 
vesicles the second polar body appear lose their membranes 
and thus set the chromomers free within the cytoplasm the 
polocyte (Figs. 35, 42). 

(Conklin, the egg nucleus, which form after the extrusion 
the second polar body, offer some evidence for determining the 
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haploid number chromosomes which should considered. 
Several investigators have shown conclusively that many plants 
and animals the chromosomes form individual vesicles which 
turn fuse form the pronucleus nucleus the case may be. 
Richards has worked out the history the chromosomal 
vesicles Fundulus, and Nekrassoff (’04) has traced the meta- 
morphosis single chromosome the second maturation 
division from the anaphase through several stages the forma- 
tion large spherical vesicle, such occurs appressa, 
Cymbulia. From this work appears that the number 
chromosome vesicles the egg pronucleus the same the 
number chromosomes. However, does not attempt cor- 
relate chromosome number with chromosome vesicle number 
this his later article More than ten karyomeres have not 
been found mature eggs appressa. However, various 
numbers from one, which all the karyomeres are fused form 
the definitive egg pronucleus (Fig. 41) nine ten (Figs. 29, 
37), have been found. significant that the maximum num- 
ber these vesicles the same, ten, the number chromo- 
somes the mature egg and the first polocyte. 

Other investigators have found that the maximum number 
karyomeres the mature egg the same the haploid chromo- 
some number. Nachtsheim found this the case 
Dinophilus Schrader (’23) Tetranichus, and Schrader 
Acrochismus. signs karyomeres were found 
male cells appressa other than shown the pronuclei. 
this connection interesting that the male pronuclei formed 
the sperm receptacle are only the type having definite mem- 
brane (Fig. 44) and resembling those fowl spermatozoa de- 
veloped culture media Loeb and Bancroft 


Sperm 


appears that the haploid number chromosomes the sperm 
cells about ten The writer hopes able throw 
further light upon the chromosomes spermatocytes, primary 
and cleavage nuclei later paper. 

The principal points the chain evidence which indicates 
that the haploid chromosome number appressa ten are: 
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(a) ten chromosomes the usual number found young first 
polocytes, and equal number normally remains the egg; 
the anaphase the second maturation division usually shows ten 
chromosomes each pole and (c) the observed maximum number 
karyomeres which form the definitive egg pronucleus 
ten. 


CONCLUSIONS. 


From the evidence brought out this paper appears that 
self-fertilization the normal method reproduction 
appressa and that this snail cross-fertilization seldom never 
occurs. The reasons for concluding that self-fertilization the 
normal method reproduction are follows: 

Both ova and spermatozoa are developed single acinus 
the same time, and since the ovum soon loses its investing 
membrane polyspermy usually occurs before leaves the acinus. 

time are functional sperms absent from the hermaphro- 
dite gland and duct normal healthy adults, thus the laws 
chance making competition foreign sperms unsuccessful. 

Free ova lacking vitelline membrane are usually surrounded 
ripe sperms, numbers which enter each ovum passes 
through the acinus and hermaphrodite duct. 

There evidence desquamation the lining any 
part the reproductive system, has been described Helix, 
any other natural process which would cause temporary 
permanent, unisexuality appressa. 

Individuals raised from isolated eggs and reared strict 
isolation reproduce abundantly those mass cultures. 

There evidence gynogenesis any other form 
parthenogenesis. 

Two polar bodies are eggs virgins, the first 
normally loses connection with the vitellus and the time the 
first cleavage has migrated 50-200 micra into the albumen; the 
second polocyte remains attached the vitellus, but its chromatin 
does not return the egg nucleus. 

Ten chromosomes comprise the haploid number shown 
the first and second maturation divisions and the number 
karyomeres the mature egg. 
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Typical male and female pronuclei are formed, and fuse 
virgin eggs form the first cleavage nucleus. 
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EXPLANATION PLATES. 


The figures all the plates have the same reduction and all, except 
Figs. 10, 17, 18, 44, and 46, were outlined with the camera using 
10X ocular and 1.9 objective (scale 0.03 mm., Pls. 18x ocular and 
1.9 objective (scale 0.02 mm., Pl. 5). 


PLATE 


Free ova from the acini the ovotestis near the beginning the free 
hermaphrodite duct (region Fig Crabb, except Fig. scale 
0.03 mm. 

Fic. recently ovulated egg completely enveloped the hyaline 
membrane (HM); germinal vesicle intact. Burkhardt and cane sugar, 
iron-hematoxylin. 

Fics. Fragments two centrifuged ova which have recently 
lost the hyaline membrane. The yolk granules have been dispersed and 
addition the peripheral region badly fragmented, thus making easy 
matter trace the spermatozoa the cytoplasm. Fig. represents 
section large peripheral fragment and shows numerous spermatozoa. 
The living snail was centrifuged minutes and immediately killed 
Burkhardt’s solution and NaCl 48° C., iron-hematoxylin. 

Fic. inseminated egg from the hermaphrodite duct Fig. 
Crabb, 27b). Reconstructed from two non-consecutive sections. The ger- 
minal vesicle and round sperm heads without tails are from one section, 
while those having tails are from peripheral section. Perenyi, iron- 
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PLATE 


Free ova from the hermaphrodite apparatus three different individuals. 
Figs. and 13-16 are from the same snail. Scale, 0.03 mm., Pl. except 
Figs. 8-10. 

Fic. single section ovum, from acinus, which entirely 
free from the hyaline membrane and shows high polyspermy, Modified 
Flemming, iron-hematoxylin. 

young sperm head which has just loosened its hold Sertoli 
cell. Much enlarged. 

Fic. ripe conoid sperm head from acinus. Much enlarged 

Fic. 10. round-head sperm from the hermaphrodite duct. Much en- 
larged. 

Fic. ovum from the hermaphrodite duct, reconstructed from three 
supernumerary sperm heads omitted. Zenker, 40° C., 74, iron- 
eosin. 

Fic. 12. free ovum nearly surrounded the hyaline membrane with 
forming first maturation spindle, three sperm heads and structure which 
may sperm pronucleus and which was transposed from the 
next section. Modified Flemming, iron-hematoxylin. 

Fic. 13. ovum from the hermaphrodite duct, reconstructed from five 
sections which are consecutive except that one missing. Zenker, 40° C., 
iron-hematoxylin. 

Fic. 14. ovum from the same slide and region Fig. showing 
degenerating (?) supernumerary sperm amphiasters and numerous large 
yolk granules. All structures, except the two central clear areas, are from 
one section. 

Fic. ovum from the hermaphrodite duct, reconstructed from three 
consecutive sections showing supernumerary aster (archiaster), early first 
maturation spindle Mark, and several disin- 
tegrating sperm heads which occurred single section. Same slide and 
region Fig. 11. 

Fic. 16. ovum from the hermaphrodite duct, reconstructed from six 
consecutive sections. Three sperm archiasters and seven heads are all from 
the same section. The archiamphiaster may shown too long. Zenker, 
40° C., iron-hematoxylin, eosin. 
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All figures except are from virgin eggs. Figs. were drawn 
the scale 0.03 mm., Pl. Figs. 17, 18, 0.04 mm. 

Fic. Four-cell stage from the hermaphrodite duct. Zenker 40° C., 
minutes, 7#, 

Fic. 18. later cleavage stage from acinus (region Fig. Crabb, 

Fic. 19. Reconstructed from two consecutive sections ovum de- 
posited the sperm receptacle during copulation. The piece sperm tail 
and its vesiculated head are one section, the archiamphiaster the 
other. Modified Flemming, 

Fic. 20. Reconstructed from two consecutive sections egg before 
the second polocyte extruded, showing the vesiculated sperm head and 
its aster. Modified Flemming, iron-hematoxylin, Gage’s acid fuchsin. 

Fic. 21. Reconstructed from three consecutive sections freshly laid 
egg showing first maturation spindle, sperm head and tail. The sperm head 
more vesiculated than usually found eggs after the first maturation 
division. The piece sperm tail not stained. asters could seen. 
Modified Flemming, nitric acid solution, iron-hematoxylin. 

Fic. 22. Reconstructed from the first and fourth four consecutive 
sections egg which has recently given off the first polocyte. The 
vesicle-like sperm head lower level than its aster. Modified Flem- 
ming, nitric acid solution, Gage’s acid Fuchsin. 

Fic. 23. Reconstructed from three consecutive sections egg which 
has given off the first polar body, showing sperm amphiaster forming. 
Modified Flemming, iron-hematoxylin. 

Fic. 24. egg after the first maturation division showing the vesicu- 
lated sperm head and aster. Fixed one hour and twenty minutes after 
being oviposited. Modified Flemming, 

Fic. 25. early stage the formation sperm karyomeres. The 
egg chromosomes are somewhat vesiculated, but the second polocyte has 
not been extruded. Modified Flemming, 
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Virgin eggs fixed modified Flemming followed nitric acid solution, 
iron-hematoxylin, Gage’s acid fuchsin except Fig. 35, and reproduced 
the scale shown below. 

Fic. 26. From single section showing both pronuclei. The second 
polocyte the next section. 

Fic. 27. Reconstructed from two consecutive sections, showing both 
pronuclei and second polocyte. 

Fic. 28, 29. Two consecutive sections. Fig. contains the entire 
sperm pronucleus Fig. 29, the entire egg pronucleus, except that some frag- 
ments karomeres the next section were not transposed. thin layer 
egg cytoplasm separates the two pronuclei. 

Fic. 30, 31. Two consecutive sections. Fig. shows the sperm and 30, 
the egg pronucleus. The two pronuclei are separated very thin layer 
cytoplasm. 

Fic. 32. fertilization stage with supernumerary sperm pronucleus. 
Reconstructed from three consecutive sections. The first section contains 
the second polocyte, which the chromosome vesicles have apparently dis- 
integrated, and the disintegrating sperm pronucleus. The egg pronucleus 
the second section and the active sperm pronucleus the third. 

Fics. 33, 34. Two consecutive sections. Fig. shows the sperm pro- 
nucleus and three vesicles the egg pronucleus. Fig. the chromo- 
somes the first polocyte are arranged monaster metaphase and are 
apparently disintegrating. The second polocyte has vesicles which the 
chromatin the form disintegrating chromomeres. Zwischen- 
connects the cytoplasm the ovum with that the second 
polocyte, Fig. 27. 

Fic. 35. From single section, showing the karyomeres nearly all fused 
form definite pronuclei. The chromosomes the first polocyte have 
undergone monocentric division resulting indefinite number chro- 
matin masses. The centrosome the monaster distinctly visible. 

Fics. 36, 37. Two three consecutive sections. Fig. shows the sperm 
pronucleus and 37, the egg pronucleus. The intervening section shows 
trace either pronucleus, but does show that the hyaline region sur- 
rounding the two pronuclei continuous and practically free from yolk 
granules shown Fig. 33. 
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Fics. 38-43 were reproduced the scale 0.03 mm.; Figs. 47-51, 0.02 
mm. shown the plate. 

Fics. 38, 40. Two consecutive sections showing reduction number 
karyomeres the pronuclei. Both sperm and egg pronuclei are repre- 
sented. The polar periphery the egg represented line. Modified 
Flemming, 

Fic. 39. From single section showing sperm and egg pronuclei with 
two unresolved karyomeres. The polar periphery the egg represented 
line. Modified Flemming, iron-hematoxylin. 

Fic. From oblique section through the definitive sperm and egg 
complete except that part the upper pronucleus the next 
section. The pronuclei are closely appressed but are not fused. Modified 
Burkhardt 48° C., iron-hematoxylin, acid fuchsin. 

Fics. 42, 43. Two consecutive sections the first cleavage nucleus. 
Only few astral rays show the first section. However, supplied the 
amphiaster assist explaining both figures. Numerous chromomeres are 
retained the second polocyte, and the astral rays are breaking down the 
nuclear membrane. Technique Fig. 41. 

Fic. sperm pronucleus from the sperm receptacle, much enlarged. 
Modified Burkhardt 50° C., 

Fic. 45. nearly ripe ovarian ovum. Al, layer. Projected with 
Zeichenokkular.” 

Fic. 46. very recently freed ovum lying acinus and still retaining 
more than half its hyaline membrane, HM, and its germinal vesicle. 
Projected with Zeichenokkular.” 

Fic. Reconstructed from two consecutive sections primary 
which was deposited the sperm receptacle during copulation. Modified 
Flemming, 

48, 50. Early equatorial plates the first maturation virgin eggs. 
Each figure was drawn from single section and comprises and 
chromosomes each. These eggs were fixed while 

Fic. 49. First maturation spindle egg from the same egg-mass 
Figs. and 50, but earlier. The entire figure one section. The 
number chromosomes cannot determined. 

Fic. late anaphase the first maturation division. The bulg- 
ing first polocyte indicated line. Modified Flemming 65° C., 64, 
iron-hematoxylin. 
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Each figure was drawn the scale 0.02 mm. shown. 

Fics. 52, 58. First polocytes arranged according their approximate 
ages. Each was drawn from single section having all the chromosomes 
it. 52-54, modified Flemming; 55, 56, 58, modified Burkhardt; 57, 
modified Flemming 60° All were cut and stained with 

Fic. 59. more detailed reproduction the first polocyte shown 
Fig. 35. 

Fic. 60. unusual anaphase the second maturation division. From 
the section adjoining Fig. 53. 

Fics. 61-63. Anaphase the second maturation division showing pro- 
gressive changes the centrosome the egg nucleus correlated with the 
movements the daughter chromosomes. chromosomes are from 
single section except Fig. the four lagging ones the second polar 
nucleus were transposed from the next section, were those represented 
circles 63. All eggs are from the same mass and the nucleus com- 
plete each figure. Modified Burkhardt 50° C., iron-hematoxylin, 
acid fuchsin. 

Fics. Primary spermatocytes. Fig. 64, modified Burkhardt, 
Fig. 65, Perenyi, Fig. 66, modified Flemming, 

Fics. 67, 68. Secondary spermatocytes. Perenyi, 
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MITOSIS AND CELL DIVISION EUGLENA 
SPIROGYRA 


RATCLIFFE. 


Cell division the free-living flagellates has been studied with 
special reference (1) the presence centriole division 
center, (2) chromosome formation and division, and (3) the 
origin the motor organelles following division. 

Berliner (1909), Hartmann and Chagas (1910), Bélar (1916) 
and others have described centrioles the mitotic process 
several the euglenoid flagellates. Tschenzoff (1916), 
(1923), Baker (1926) and others have studied this process 
others the same group, but have found nothing which appears 
centriole. 

Chromosome formation the prophase mitosis has been 
found vary different members this group organisms. 
Tschenzoff (1916) found masses chromatin forming about the 
periphery the nucleus the prophase which eventually formed 
chromosomes Euglena viridis. Menoidium incurvum, Hall 
(1923) found that the chromatin was organized thread-like 
which shortened and thickened form distinct 
chromosomes this stage division. Euglena agilis, Baker 
(1926) described the chromatin granules, which, the vegetative 
stage, lie nodes linin network,” fusing during the pro- 
phase form the chromosomes. 

Chromosome division the metaphase mitosis has been de- 
scribed differently various authors. types have been re- 
ported—transverse fission Hartmann and Chagas (1910), 
Bélar (1916) and others, and longitudinal fission 
(1916), Hall (1923), Baker (1926) and others. 

The origin flagella following division has also been found 
vary different forms. Hartmann and Chagas (1910) and Hall 

1From the Department Medical Zodlogy, School Hygiene and 


Public Health, Johns Hopkins University. This work was begun the 
Laboratory, Emory University, Atlanta, Georgia. 
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(1923) have described division the blepharoplast, and Hall 
obtained evidence that the old flagellum split form two new 
ones during cell division Menoidium incurvum. The motor 
organelles Euglena agilis have been found disintegrate and 
blepharoplasts originate anew from the endosome, from which 
grow the flagella the daughter organisms (Baker, 1926). 
Heteronema acus, biflagellated form, the original flagella per- 
sist and new flagella are produced during division, one for each 
daughter cell (Rhodes and Brown, 

The mitotic process Euglena spirogyra lends itself readily 
the further study these problems because its large nucleus 
and easily studied cytoplasmic structures. 


II. AND 


The euglenas were grown finger bowls 200 cc. capacity 
modification Doflein’s flagellate culture medium (see 
“Lehrbuch der Protozoenkunde, Vierte Auflage,” 371, 
Doflein) made tap-water. was found that, following ex- 
posure several hours sunlight, division occurred abundance, 
beginning about two hours after sunset, and approximately all 
forms dividing any given day began fission within hour 
after this time. The process was completed within hours, 
that fixing material every half hour one obtained well-con- 
nected picture division. 

Fleming’s and Schaudinn’s fluids were used with equal success. 
Material was killed masse after centrifuging about one half 
minute, and was allowed stand the fixative for about 
minutes. Shorter fixation was not satisfactory. After this 
was thoroughly washed distilled water and run through the 
alcohol series per cent. alcohol which was allowed 
stand three four days remove the chlorophyll. From the 
alcohol the material was fixed slides with egg albumen and 
stained with aqueous iron alum hematoxylin, counterstaining with 
eosin orange Other stains were used but these did not give 
the differentiation necessary for studying mitotic figures. The 
entire process mitosis was also observed the living material 
with oil immersion lens. Continued exposure the light the 
microscope caused nuclear division cease, but after nuclear 
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division was complete cell cleavage would continue while exposed 
this light but would greatly retarded. The lights the 
laboratory, however, seemed have effect. 
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The vegetative nucleus (Fig. the vesicular type, de- 
scribed for other euglenoids Tschenzoff (1916), Hall (1923), 
Baker (1926), and others, and lies mid-way the longitudinal 
axis the cell. elipsoidal shape and surrounded 
nuclear membrane (Fig. which persists throughout mitosis, and 
which usually drawn out toward the blepharoplast during vege- 
tative life. The chromatin the form homogeneous 
granules arranged paired rows strands that lie random 
about the endosome which centrally placed. This body 
elongate and varies appearance different nuclei. en- 
larged about vacuole which may occupy any position its sub- 
stance (Fig. c), and which contains large granule the 
same staining capacity other parts this structure. similar 
granule practically the same size lies among the chromatin 
threads some part the nucleus which, during the prophase 
mitosis, forms the blepharoplasts the daughter organisms. 
this stage has been called the intranuclear body The 
significance the former granule not known nor can 
traced through division. appears, however, constant 
feature the endosome. 

the initiation division the intranuclear 
body moves toward the anterior end the nucleus, divides (Fig. 
c), and the halves come lie the anterior border the 
nuclear membrane. The nucleus moves forward (Fig. 
into contact with the base the reservoir. The flagellum shortens 
until drawn into the exterior opening the reservoir (Fig. 
4). The mass the bifurcation disappears and the blepharo- 
plasts move apart that the axial filaments form inverted 
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(Figs. 4). The intranuclear bodies bud off masses which 
pass through the nuclear membrane the base the reservoir 
where they become the blepharoplasts the daughter organism. 
New axial filaments (Fig. grow out from these unite with 
the original ones (Fig. 5), and the flagellum splits longitudinally, 
thus forming the new flagella. The connections between the 
nuclei and the blepharoplast persist long after division com- 
pleted (Fig. 14)—in fact they apparently persist throughout the 
vegetative stage. 

The chromatin threads shorten and thicken until the 
chromosomes become homogeneous bodies longer granular 
appearance The chromosome pairs are never arranged 
typical equatorial plate characteristic mitosis higher 
forms. The vacuole within the endosome disappears (Fig. 
Then the endosome elongates right angles the long axis 
the body (Fig. 4-6). 

chromosome pairs, which, for the most 
part, lie planes parallel the endosome (Fig. 7), begin separa- 
tion and many forms show the typical V-shapes with the ends 
the more less closely joined, characteristic this stage 
mitosis some higher forms. The endosome continues elonga- 
tion and appears fragmented into two more pieces which 
lie somewhat twisted about each other (Figs. 7). 

chromosome pairs separate and move op- 
posite poles the nucleus (Fig. 8). this takes place the 
individual chromosomes undergo longitudinal fission and resolve 
into the rows paired granules which condition they pass the 
remainder the life cycle. This anaphasic division the 
chromosomes accounts for the paired condition seen other stages 
the life cycle. nuclear membrane constricts closely fol- 
lowing the movement the chromosomes the poles the 
nucleus (Fig. 8). 

division completed with the final 
constriction the endosome and the nuclear membrane (Figs. 
10). The endosome rounds the center the mass 
chromosomes which change very little appearance during this 
stage. Following the constriction the nuclear membrane there 
invagination the base the reservoir which continues 
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anteriorly until finally divides the reservoir into halves (Figs. 
10, 11). When this completed the anterior end the or- 
ganism widens that the mouths the two reservoirs become 
separated (Fig. 11); then division the body begins the 
anterior end proceeding posteriorly line between two cuticular 
striations (Figs. 12, 13). The body and body contents are thus 
divided into two approximately equal parts (Fig. 14). 

cell division the organism under- 
goes very little change for some time. The nucleus remains at- 
tached the belpharoplasts (Fig. 14) slowly moves posteri- 
The chromatin becomes less condensed slowly assuming the 
appearance the vegetative stage. The endosome buds off 
portion its substance form the intranuclear body (Fig. 14) 
which remains unchanged until the succeeding mitotic division, 
and the central vacuole reappears, small first (Fig. 14) grad- 
ually becoming larger until the usual size reached. 


III. 


sheds little light upon the problem the division center cen- 
triole the free-living flagellates. The mitotic process takes 
places within the nuclear membrane and any structure, present 
this time, comparable the division center other forms, 
the endosome. The structure may also comparable the 
spindle and centrosomes higher types but nothing has been 
found that would convince one that contains division center. 

Chromosome formation and division spirogyra quite 
similar that metazoan types. The chromosomes form, 
the prophase, from the paired strands chromomeres into paired 
chromosomes the metaphase, which separate and undergo 
longitudinal fission the following anaphase. the daughter 
nuclei, during the telophase, they resolve into the vegetative state 
which they are arranged paired rows granules chromo- 
meres. Thus for this form least have example 
mitosis the protozoa that bears out “one the most funda- 
mental conceptions cytology and genetics, namely, that the 
spireme threads are linear aggregates much smaller self-per- 
petuating bodies, aligned single series and definite 
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(Wilson, 1925). One cannot say just how far the nuclear mecha- 
nism this organism might bear out the principles genetics 
that have been proven metazoan types, but the observations 
seem indicate that the chromosomes are composed 
perpetuating bodies aligned single series since the chromo- 
some elements undergo definite linear fission each time the cycle 
completed. 

Origin the motor organelles spirogyra quite similar 
that reported for agilis Baker (1926). The mass from 
which the kinetic elements arise budded off from the endosome 
during the period reorganization following division, while Baker 
found that agilis this mass was given off the prophase, 
and, instead the rhizoplast persisting spirogyra, the 
mass leaves the nuclear membrane form the kineto-nucleus 
(Baker, 1926). Concerning this phenomenon agilis Baker 
concludes, The endosome agilis the ultimate source 
all the kinetic elements the The same may said 
for spirogyra although the kinetic element budded off 
different time the life cycle. 

Splitting flagella during division has been described Steuer 
(1904) for Euireptia, and Hall (1923) reported the same for 
incurvum. One may easily see that the axial fibers 
spirogyra move apart during the prophase division thus 
splitting the old flagellum. pointed out the introduction, 
‘Baker (1926) states that these organelles are lost during division 
and originate anew for each daughter cell following division 
agilis. 


IV. 


Nuclear division Euglena spirogyra takes place within the 
nuclear membrane, and centriole appears during the process. 
The nucleus moves forward into contact with the base the 
reservoir. The chromatin the vegetative nucleus the form 
paired strands chromomeres. These shorten and thicken 
the prophase and lose their granular appearance, forming the 
chromosome pairs the metaphase. The chromosomes are never 
arranged true equatorial plate, but the members each pair 
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move apart more less individually the anaphase and each 
chromosome undergoes longitudinal fission resolves again 
into the granular state. The nuclear membrane constricts the 
mid line following the movement the chromosomes the poles 
the nucleus. The endosome lies the center the chromo- 
some mass throughout the process. becomes homogeneous 
early the prophase; then elongates right angles the long 
axis the body and constricts halves preceeding the complete 
constriction the nuclear membrane. resumes its vegetative 
appearance the reorganization period. 

The kinetic elements the flagellum are derived from the 
endosome and lie the nucleus during the vegetative life the 
intranuclear body. Prior division this divides; then moves 
the nuclear membrane and, the nucleus comes into contact with 
the base the reservoir, the halves give rise the blepharo- 
plasts. Two new axial filaments grow out, one from each new 
blepharoplast, and unite with the original axial filaments. The 
axial filaments then become widely separated, splitting the original 
flagellum they move apart. The two flagella for the daughter 
organisms are thus formed and grow out their normal length 
following division. The rhizoplast connecting the nucleus the 
blepharoplasts persists late into the vegetative stage and possibly 
throughout the whole this period. 
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EXPLANATION PLATES. 


PLATE 


All figures drawn with camera lucida. Fig. drawn magnification 
1,100 diameters. All other figures drawn magnification 825 
diameters. 

Fic. Vegetative form Euglena spirogyra. Chromatin this time 
the form paired rows chromomeres. All other structures which 
reference made are labeled. 


Fic. Early prophase stages showing forward movement and 
division intranuclear body. 
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Fic. Nucleus moves forward and changes from elipsoidal ovoidal. 
Chromatin threads shorten and thicken. Intranuclear body has divided and 
lies the nuclear membrane. Flagellum retracted, the mass the 
bifurcation becomes smaller the blepharoplasts move apart. 

Fic. Nucleus contact with the base the reservoir. The new 
blepharoplasts are formed from the divided intranuclear body, definite 
rhizoplasts connect them the nucleus, and new axial fibers grow out 
from them. The old blepharoplasts are wide apart. The flagellum begins 
splitting and the mass the bifurcation disappears. The endosome be- 
comes condensed appearance and the vacuole disappears. The chromatin 
threads continue shortening and condensation. 

Fic. Chromosomes are quite condensed and their granular nature 
not pronounced. The endosome begins elongation right angles the 
long axis cell and composed two parts. The new axial fibers have 
united with the old ones and the flagellum has completely divided. 

Fic. Chromosomes are uniform appearance, lying pairs about 
the endosome, which continues elongation and composed three parts. 

Fic. The metaphase. Chromosome pairs separate. Endosome con- 
tinues elongation and composed two parts. 

Fic. The anaphase. Constriction nuclear membrane following 
movement chromosomes poles nucleus. Chromosomes undergo 
longitudinal fission and become granular again. 

Fic. The telophase. The endosome divides. Anterior border 
nuclear membrane drawn out point the nucleus moves posteriorly. 
Invagination base reservoir begins. 

Fic. 10. Daughter nuclei separated. Reservoir division completed. 
Anterior end organism widens. 
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Fic. anterior end continues. 

Fic. division begins. 

Fic. 13. Cell division late stage. 

Fic. 14. Reorganization. Cell division complete. Chromatin resumes 
the vegetative appearance paired strands chromomeres. Endosome 
buds off intranuclear body and the vacuole the endosome reappears. 
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THE NERVOUS SYSTEM PELAGIC NEMERTEANS. 


During the past ten years considerable number species 
bathypelagic nemerteans have been studied anatomically Brink- 
mann and others and much information has been secured, 
showing the deviations the nervous system from the general 
plan characteristic for the littoral forms. Five new genera, col- 
lected the Albatross” various parts the Pacific ocean, 
which have recently been fully studied the writer (Coe, ’26), 
proved particular interest this respect. One these species, 
Neuronemertes aurantiaca, possesses chain ganglia along the 
dorsal nerve, condition almost unique invertebrates. 

the modifications the sense organs also the pelagic nemer- 
teans (Pelagica) differ widely from any the littoral and bottom- 
living species 

recalled that bathypelagic nemerteans have been 
found only the open oceans, where they swim with sluggish 
movements float idly, but always far beneath the surface. 
Certain the species are known restricted particular 
water layers, usually depths from 500 1,500 meters, and 
presumably all the species are limited their vertical range the 
conditions temperature and salinity, and some extent, per- 
haps, the pressure, which they have become specifically 
adapted. Their geographical range, the other hand, may 
very wide, since water layers essentially similar physical and 
chemical properties extend through vast areas the oceans and 
almost from pole pole. conformity with these en- 
vironmental conditions that the bathypelagic organisms have 
evolved. 

the present time species these aberrant worms have 
been described, but quite possible that some them may 
synonyms. More than half them have been carefully studied 
with respect their anatomical peculiarities, including those 
the nervous system. Stiasny-Wijnhoff (’23) has also described 
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form which was taken from the bottom depth 833 meters, 
which some respects intermediate between the Pelagica and 
the Reptantia. 

Brain.—In Fig. general plan the nervous system shown. 
The brain the pelagic forms essentially similar that the 
littoral species, but rule the dorsal ganglia are considerably 
smaller than the ventral. The two ganglia each side are 
closely fused together. The fibrous cores and the three types 
ganglion cells are also similar, but neurochord cells have not been 
found any species. 


Fic, Diagram nervous system Neuronemertes aurantiaca Coe, 
showing relation brain and lateral nerves (/n) peripheral nervous 
system; dg, dorsal, and vg, ventral ganglia brain; and the corre- 
sponding commissures cephalic nerves; gastric pn, proboscidial 
nerve; dn, dorsal nerve, with metameric ganglia (g/); din, dorsolateral 
dp, vp, dorsal, lateral and ventral peripheral nerves, respectively 
pc, posterior commissure; cn, caudal nerves. 


One the most striking peculiarities the pelagic forms the 
great amount gelatinous tissue, parenchyma, which sur- 
rounds all the internal organs, giving the body high degree 
permeability and low specific gravity, enabling the worms 
float freely the water great depths with minimum mus- 
cular exertion. This parenchyma surrounds the brain and us- 
ually separates widely from the thin musculature the head. 

The probosis passes through the ring made the ganglia and 
their dorsal and ventral commissures, while the stomach lies 
beneath the ventral commissure most species. 

Three longitudinal nerve stems extend the entire length the 
body the pair lateral nerves, situated the body parenchyma 
beneath the intestinal diverticula, and the median dorsal nerve, 
which lies directly beneath the basement layer the epidermis. 
The former are direct continuations the ventral brain lobes, 
while the dorsal nerve has direct connection with the brain 
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(Fig. 1). The fibrous cores these main nerves are connected 
the posterior end the body the broad posterior com- 
missure, which passes the dorsal side the rectum. They are 
also connected indirectly metamerically the union minute 
branches from both dorsal and dorsal peripheral nerves the 
intermuscular plexus (Figs. 4). 

Dorsolateral the anterior part the body many 
the species studied pair nerves originating from the dorsal 


Fic. Portion transverse section body Neuronemertes auran- 
tiaca Coe, showing one side the relations the peripheral nerves the 
body musculature. The section passes between adjacent diverticula the 
intestine and shows the left hand side portion the dorsoventral 
musculature (dvn) dn, dorsal nerve, with bilobed ganglion lpn, 
and vpn, dorsal, lateral and ventral peripheral nerves; ps, proboscis sheath 
and lv, dorsal and lateral blood vessels; bm, basement layer underlying 
the surface epithelium; par, parenchyma; and /m, the thin circular and 
longitudinal musculatures the body walls. Other letters Fig. 


brain lobes, pass backward along the internal border the body 
musculature near the dorsolateral edges the probosis sheath. 
These dorsolateral nerves (Figs. are connected means 
delicate fibres with both the dorsal nerves and the dorsal peri- 
phereal nerves the lateral nerve cords. branches sup- 
ply the body musculature the dorsolateral aspects the body, 
well the proboscis sheath. These nerves are evidently 
homologous with the dorsolateral nerves other Platyhelminths. 
They not occur all the pelagic species, and where present 
are limited the anterior end the body (Fig. 1). other 
species, and toward the middle the body all species, their 
place taken fibres from the dorsal peripheral nerves. 
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Dorsal nerve appears represent local con- 
centration fibers from the dorsal peripheral nerves, for 
not connected directly with the brain, far known, any 
the pelagic forms. extends the median line and just ex- 
ternal the circular muscular layer, joining the commissure 
the lateral nerves the posterior end the body. When fol- 
lowed forward toward the brain becomes gradually smaller and 
finally terminates the cephalic parenchyma the delicate 
intermuscular plexus short distance posterior the dorsal brain 
commissure (Fig. 1). 

Fibers from the dorsal nerve supply the dorsal musculature and 
integument the body. Other fibers enter the nervous plexus 
lying between the two muscular layers, while still others are con- 
nected with the dorsolateral and dorsal peripheral nerves. 


Fic. Diagram anterior end dorsal nerve with its accompany- 
ing ganglia, showing variations shape the latter and the minute fibrils 
which pass dorsally into the integument and ventrally into the intermuscular 
plexus. Similar diagram from near middle body. 


Ganglia dorsal most species only few scat- 
tered ganglion cells are found along the course the dorsal 
nerve, but Neuronemertes aurantiaca this nerve very large 
and provided with series nervous structures, apparently 
the nature ganglia, although such organs have not hitherto been 
found any species nemertean. monograph the 
Pelagic Nemerteans (Coe, they were referred prob- 
lematical organs although their probable nature ganglia was 
emphasized (p. 130). 

The number these organs upward hundred, cor- 
responding presumably primitive metamerism. 

Anteriorly the ganglia are somewhat smaller than the diameter 
the fibrous core the dorsal nerve, but farther back the 
body they are several times large the nerve and are often 
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divided into two more lobes (Figs. 4). The nerve itself 
lies external the circular muscular layer, while the ganglia are 
internal these muscles and interposed between the bundles 
longitudinal muscles. The broad connection between ganglion 
and nerve therefore requires the penetration the thin circular 
musculature. This accomplished the mere separation ad- 
jacent circular fibers leave narrow slit through which 
the connection passes. 


Fic. Transverse sections six the ganglia the dorsal nerve 
Neuronemertes aurantiaca Coa, showing variations shape and their 
relations the nerve Dorsal nerve between two adjacent ganglia. 
Small ganglion closely fused with dorsal nerve. Large ganglion 
with ventral group nerve cells. Surface view ganglion, its con- 
nection with dorsal nerve being adjacent section. Large ganglion 
with three lobes nerve cells and distinct intermuscular plexus. Large 
ganglion with four lobes nerve cells;imp, intermuscular plexus; other 


The cells composing the ganglia are similar size and appear- 
ance those which accompany the nerve cords, and the 
cell boundaries are likewise rarely distinguished (Fig. 4). 
has been difficult determine the precise nature these organs. 
That their component cells are the source fibers which inner- 
vate the integument and musculatures seems highly probable. 
And also presumable that they supplement the nerve cells 
found all species accompanying the lateral nerve cords, but 
there evidence that these latter cells are less abundant 
this species than other pelagic forms. suggestion that may 
have some degree plausibility that they are associated with 
the great development the dorsoventral musculature, particu- 
larly the region where the spermaries are situated the male, 
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just behind the head. Neuronemertes the walls the sper- 
maries are not provided with the thick spiral musculature found 
several other pelagic forms and which serves supplement 
the weak muscles the body walls the forcible discharge 
the spermatozoa. similar result accomplished however 
the contraction the highly developed dorsoventral muscles 
which closely invest the spermaries that genus. therefore 
seems reasonable suspect that these supplementary nervous 
tissues may function the control this dorsoventral muscu- 
lature throughout the body. 

There still remains the possibility the ganglia being corre- 
lated with sensory stimuli rather than with motor responses, but 
their structure unlike that any known receptor. seems 
necessary, therefore, return the view that the ganglia the 
dorsal nerve supplement the nerve cells the lateral nerve cords 
just these supplement those the brain. 


Fic. Transverse section lateral nerve cord three different genera, 
showing the relations the fibrous cores the accompanying nerve cells. 
Plionemertes plana Coe, with single fibrous core (fc) and symmetrical 
dorsal and ventral cellular layers (dcl and Proarmaueria pellucida 
Coe, with small dorsal core Planonemertes lobata Coe, with large 
dorsal core. 


Lateral are direct continuations the fibrous 
cores the brain lobes and are accompanied nerve cells 
throughout their entire length. the posterior end the body 
the cords the two sides form broad commissure the dorsal 
side the rectum (Fig. 1). most pelagic species the fibrous 
core arising from the dorsal brain lobe separated layer 
ganglion cells, least the anterior part the body, from that 
arising from the ventral lobe the brain (Fig. 5). 
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The dorsal core much smaller than the ventral and its separa- 
tion from the latter tends become less distinct the posterior 
half the body. Toward the posterior end the body this core 
becomes gradually smaller, only the fibers the ventral core 
being involved the posterior nerve-commissure. 

few genera there but single fibrous core, and this arises 
mainly from the ventral ganglion. presumably also contains 
fibers from the dorsal ganglion, although they are usually not 
visibly separated from the others (Figs. 8). 

The position which the lateral nerves occupy the body varies 
greatly according the degree development lateral margins. 
those forms which the body but little flattened, the nerve- 
cords lie near the lateral margins the body, but the broad, 
flattened forms they are far removed from the lateral margins, 
being some cases situated more than half-way toward the 
median line (Fig. 6). nearly all species the nerve-cords bend 
more less sharply laterally immediately after their origin from 
the brain. most forms they lie the parenchyma near the 
ventral surface the body, but those cases where large ventral 
branches from the intestinal diverticulum force their way beneath 
the nerve-cord, the latter moved dorsally until may lie about 
midway between dorsal and ventral surfaces (Fig. 6). 


Fic. Portions transverse sections body six different genera, 
showing the position the lateral nerve cord with respect the body 
walls and intestinal diverticula. Pelagonemertes Coe; 
Planonemertes lobata Coe; Neuronemertes aurantiaca Cuneone- 
mertes gracilis Coe; Nectonemertes pelagica Cravens and Heath; 
Planktonemertes Woodworth. 
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Nerve cord the genera belonging the families 
Armauertide and and Pendonemertes the 
narrow band muscular fibers splits off 
from the proboscis sheath each side the body immediately 
back the brain and extends backward throughout the length 
the body close connection with the lateral nerve cord. some 
forms lies close against the outer connective sheath the 
median face the nerve cord, while other cases penetrates 
the sheath and comes lie close connection with the nervous 
tissues. This muscle usually very thin, consisting only one 
two layers muscular fibers (Figs. 7,84), but few species 
large that equals fully half the diameter the nerve 
cord itself (Fig. 8B). 

Pelagonemertes joubini the muscle leaves the proboscis 
sheath several separate strands (Fig. and these may first 
take separate positions the face the nerve cord, but further 
back the body they fuse into single flattened bundle. 

The function the nerve cord muscle evidently hold the 
nerve cord position with reference the organs which the 
latter 

Peripheral nerves—As rule three peripheral nerves leave 
each lateral nerve cord each the spaces between adjacent 
intestinal diverticula. One these three nerves, dorsal peri- 
pheral, leaves the dorsal side the cord (Figs. 
supply the dorsal musculature and integument and some cases 
the proboscis sheath (Figs. 2,7). This nerve also sends branches 
into the intermuscular plexus and indirectly connects with the 
dorsal and dorsolateral nerves. Small branches also supply many 
the dorsoventral 

The lateral peripheral slender nerve with few branches. 
These supply the lateral margin the body and appear also 
enter the intermuscular plexus (Figs. 7). 

The ventral peripheral originates from the ventral core the 
cord and divides into two branches which supply the ventral 
portions the body. Branches from this nerve also enter the 
ventral intermuscular plexus (Figs. 8). 

Intermuscular some the sections Neurone- 
mertes aurantiaca distinct nerves can seen leading from the 
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dorsal nerve inward through the circular muscular layer and 
thence laterally between the two muscular layers the body- 
walls. These nerves appear constitute part great plexus 


Fic. Diagram portion transverse section body Pelagone- 
mertes Coe, immediately posterior showing origin 
the nerve cord muscles ncm’) from the outer spiral musculature 
the proboscis sheath, and the three main branches, dorsal lateral 
and ventral (vpn) which leave the nerve cord each interdiverticular 
rc, plm and longitudinal and circular-spiral muscu- 
lar layers proboscis sheath; other lettering Fig. 


nerve-fibers which extends between the circular and longi- 
tudinal musculatures throughout the length the body, both 
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dorsally and ventrally (Fig. 4). The plexus frequent com- 
munication with the peripheral nerves from the lateral cords, 
well with the and dorsolateral nerves. 

Tentacular nerves—The adult males Nectonemertes and 
both sexes Balenanemertes are each provided with pair 
tentacles immediately back the head. These appendages are 
lateral outgrowth the body walls and are supplied with large 
nerves homologous with the lateral peripheral nerves other 
parts the body (Fig. 9). 

Proboscis-sheath nerves—In many pelagic species the proboscis 
sheath supplied with nerves which enter the ring where 
the proboscis attached, but other forms the organ also receives 
one more pairs fine branches from the dorsal peripheral 
nerves (Figs. 7). 


Fic. Transverse section lateral nerve cord and accompanying 
muscle (ncm) gracilis Coe. Same Balenanemertes 
chuni Section lateral nerve cord Planktonemertes agas- 
Woodworth, showing the origin dorsal lateral and ventral periph- 
eral 


Proboscidial proboscis large and highly spe- 
cialized most the pelagic nemerteans, with powerful mus- 
culature and thick epithelial lining secretary and sensory 
cells addition the minute sickel-shaped weapon with which 
provided. Consequently requires abundant supply 
nerves. some forms these are provided means pair 
large nerve stems arising from the points where the ventral 
commissure joins the ventral brain lobes This pair 
large nerves divides into the definite number proboscidial nerves 
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either the attachment the proboscis the organ im- 
mediately posterior its insertion. But other forms, where 
the proboscis inserted close front the brain, the proboscidial 
nerves either arise the complete number from the ventral brain 
lobes and the commissure adjacent branch immediately after 
their origin. 


Fic. Diagram portion horizontal section tentacle and adjacent 
body wall Nectonemertes mirabilis Verrill, showing the four large 
tentacular nerves originating from the lateral nerve cord (In). These are 
homologous with the lateral peripheral nerves the rest the 
body; bm, basement layer underlying the surface epithelium; longi- 
tudinal and cm, circular muscular layer internal longitudinal 
dorsoventral muscles; par, parenchyma. 
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The nerves take position the midst the longitudinal 
muscular layer along the whole circumference the proboscis 
(Fig. 10). This position varies somewhat the different forms, 
but generally about two thirds the distance from the inner 
the outer border the longitudinal muscular layer. Here the 
nerves branch out form thick plexus connecting fibers and 
send symmetrical branches radially both towards the periphery and 
towards the glandular epithelium lining the central lumen (Fig. 


Fic. 10. Transverse section everted proboscis 
gracilis Coe, with the proboscidial nerves connected plexus 
the midst the longitudinal muscular layer icm and ocm, inner 
and outer circular bm, basement layer underlying the inner, 
grandular epithelium; rc, extension the rhynchocoel; lined with en- 
dothelium. 


About midway between each two proboscidial nerves certain 
species the plexus condensed into secondary nerve, com- 
monly about half the diameter one the main nerves. There 
thus equal number primary and secondary nerves such 
species. some forms difficult distinguish the two sets 
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nerves, that one specimen may appear have double the 
number found other specimens where the proboscis dif- 
ferent state contraction. Furthermore some forms the num- 
ber nerves the anterior end the proboscis may double 
that found farther back toward the stylet region, due the 
gradual disappearance each alternate, secondary, nerve 
the plexus. And, finally, the number may vary some extent 
different individuals, Nectonemertes mirabilis where the 
number ranges from eighteen twenty-four. 


Fic. Diagrams the two types sense organs found 
mertes gracilis Coe. integumentary sense organ; subcutaneous sense 
organ; bm, basement layer surface epithelium and circular 
and longitudinal musculatures cephalic wall; nerve leading dorsal 
brain lobe. 


The central radial branches from the nervous plexus pass be- 
tween the bundles longitudinal muscles and form second, 
delicate intermuscular plexus beneath the inner circular muscles. 
From this plexus fine nerve-fibers supply the epithelium the 
papillz well the inner circular muscles. 

The peripheral radial branches arising from each the primary 
nerves form third, still more delicate, plexus between the longi- 
tudinal muscles and the outer circular muscular layer. This sup- 
plies similar manner the more superficial layers the pro- 
boscis, namely, the outer circular muscles and the endothelium. 
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the three nervous plexuses (middle, inner, and outer) which 
are thus formed the two latter are such great delicacy that they 
can observed only under favorable conditions preservation, 
and means certain that they are present all species. 

Although the radial nerves leave the middle plexus only in- 
tervals, the three plexuses appear form more less continuous 
networks throughout the length the anterior chamber. some 
forms even the middle plexus incompletely developed, the 
primary proboscidial nerves being connected with each other only 
intervals. 

The plexuses are interrupted the middle chamber the 
proboscis the interlacing the muscular layers, and the pri- 
mary nerves gradually lose their identity multitude smaller 
branches, some which innervate the stylet musculature and 
gland-cells, while others continue backward into the wall the 
posterior chamber. the posterior chamber the primary 
nerves are not usually distinguishable separate units and there 
but single plexus lying between the longitudinal muscles and 
the glandular epithelium lining the lumen. 

The smallest number proboscidial nerves found any pelagic 
species and the largest 50, the most frequent numbers being 
from 25. general, the species which the individuals 
attain the largest size have greater number than those which 
the animals are but few millimeters length. Odd and even 
numbers are about evenly distributed. 

Cephalic muscles, integument and sense organs 
the head are supplied with considerable number fine nerves 
which arise from the anterior surfaces both dorsal and ventral 
brain lobes (Fig. 1). But since the cephalic musculature ex- 
tremely weak and the sense organs rudimentary, the cephalic 
nerves are very much smaller than most other nemerteans. 

Gastric pair small nerves arise from the posterior 
end the ventral brain lobes supply the anterior end the 
digestive tract (Fig. 1). These are homologous with the eso- 
phageal nerves the littoral forms which have the esophagus 
well developed, but where that part the digestive system 
rudimentary, the pelagic species, the nerves supply the stom- 
ach. Supplementary gastric nerves, originating from the ventral 
commissure, have also been observed one more species. 
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Pyloric some species, least, pair minute 
nerves, originating from the lateral nerve cords, enters the anterior 
end the pylorus. 

Caudal posterior extremity the body sup- 
plied with nerves two different ways. Proarmaueria the 
posterior end each the lateral nerves divides into two 
branches, the larger which enters the posterior commissure, 
while the smaller supplies the extremity the body. Neurone- 
mertes and some other forms the caudal extremity supplied 
with small nerves from the commissure itself (Fig. 1). 

Sense-organs.—Even the most primitive the littoral nemer- 
teans are provided with special sense-organs differentiated por- 
tions the integument, and the higher groups ocelli, cerebral 
sense-organs, and frontal sense-organs are frequent occurrence. 
addition, otocysts are found few species. But the 
pelagic forms such organs have been found any the 
species studied. Possibly vestiges one these types sense- 
organs were discovered Balenanemertes. 
These are considered him rudimentary ocelli, and similar 
organs were shortly afterward found Brinkmann Pelagone- 
mertes rollestoni. Further studies have shown them widely 
distributed among the and They 
are two distinct types, follows: 

Subcutaneous these forms small cluster 
sense-organs, whatever their nature may be, situated beneath the 
basement layer the anterior margin the head, frequently 
either side the rhynchodeal opening. Each the end-organs 
consists pear-shaped group cells, connected with branch 
one the cephalic nerves (Fig. 11B). Some them lie 
contact with the inner border the basement-layer, while others 
may situated somewhat deeper the cephalic tissues, and 
even beneath the muscular layers. Since they differ widely 
from typical nemertean ocelli structure, seems quite possible 
that these may special sense-organs peculiar the pelagic forms 
rather than that they represent degenerate ocelli. 

Integumentary second type sense-organ 
occurs the integument the head and less frequently other 
parts the body certain genera. These consist compact 
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groups sensory cells imbedded the integument. The cells 
are provided with slender distal processes and each group sup- 
plied with nerve leading the brain the lateral nerve, ac- 
cording its location not improbable that such 
integumentary sense-organs occur the majority the pelagic 
species, but that the loss the integument during capture has 
prevented their discovery. 


Correlated with their usually gelatinous consistency, weak mus- 
culature and other adaptations for life far beneath the surface 
the oceans, the nervous system the bathypelagic nemerteans 
differs considerably from that found the littoral and 
bottom-living relatives (Reptantia). Comparisons are made be- 
tween the Pelagica and Reptantia with respect each the prin- 
cipal parts the nervous system. The special sense-organs 
the Reptantia are either lacking entirely merely vestigial the 
bathypelagic forms. With particular reference 
described species, Neuronemertes aurantiaca: 

The dorsal nerve not connected directly with the brain. 

The dorsal nerve provided with metameric ganglia, not 
previously known for any nemertean. 

pair dorsolateral nerves connects both with the dorsal 
nerve and with dorsal peripheral branches the lateral nerve 
cords. 

delicate intermuscular plexus lies between the two body 
musculatures. 
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